| ® 
KONINKLIJKE AKADEMIE VAN WETENSCHAPPEN 
. TE AMSTERDAM. 


PROCEEDINGS 


VOLUME XXI 
N°. 1 and 2. 


President: Prof. H. A. LORENTZ. 
Secretary: Prof. P. ZEEMAN. 


(Translated from: "Verslag van de gewone vergaderingen der Wis- en 
Natuurkundige Afdeeling,” Vol. XXVI and XXVN). 


CONTENTS. 


J- J. van LAAR: “On the Course of the Values of a and b for Hydrogen at Different Temperat 
and Volumes” III and IV (Continued). (Communicated by Prof. H. A. LORENTZ), p. 2 se 
G. C. HERINGA: “On the Peripheral Sensitive Nervous System”. (Communicated by Prof. !. BOEKE), 


p. 26. 

W. J. A. SCHOUTEN: “On the Parallax of some Stellar Clusters”. (Seco icati © 

c, piicated by Pro, .,C. KApTevp), p. 30 ren 

. EIJ,KMAN an . J. HULSHOFF POL: “Experiments with Animals on iti & 
= „Brown-Bread aaa Wie -Dread” p. a the Nutritive Value of Standard 
. EHRENFEST-AFANASSJEWA: “An indeterminateness in the interpretation ofth r 2. 
(Communicated by Prof. j. P. KUENEN), p. 32. R Parma 
 J. F. VAN BEMMELEN: “On the primary character of the markings in Lepidopterous pupae”, p. 58. 

GUNNAR NORDSTRÖM: “Calculation of some special cases, in EINSTEIN’s theory of gravitation”. 
(Communicated by Prof. H. A. LORENTZ), p. 68. 

: EEREN an FHR- VAN Loon: “Determination of the Configuration of cis-trans isomeric sub- 
stances”, p. 80, 

A. F. HOLLEMAN and B. F. H.]J. MATTHES: “The Addition of Hydrogenbromide to Allylbromide”, p. 90. 

L. S. ORNSTEIN: “The variability with time of the distributions of Emulsion-particles”. (Communi- 
cated by Prof. H. A. LORENTZ), p 92. 

L. S. ORNSTEIN: “On the Brownian Motion”. (Communicated by Prof. H. A. LORENTZ), p. %. 

L. S. ORNSTEIN and F. ZERNIKE: “The Theory of the Brownian Motion and Statistical Mechanics”. 
(Communicated by Prof. H. A. LORENTZ), p. 109. 

L. S. ORNSTEIN and F. ZERNIKE: “The Scattering of Light by Irregular Refraction in the Sun”. (Com- 
municated by Prof. W. H. JULIUS), p. 115. 
S. W. VISSER: “On the diffraction of the light in the formation of halos, II A research of the 
colours observed in halo-phenomena”. (Communicated by Dr. J. P. VAN DER STOk), p. 119. 
ARNAUD DENJOY: “Nouvelle demonstration du th&or&me de JORDAN sur les courbes planes”. 
(Communicated by Prof. L. E. J. BROUWER), p. 125. 

H. ZWAARDEMAKER and F. HOGEWIND: “On the spontaneous transformation to a colloidal state of 
solutions of odorous substances by exposure to ultra-violet light”, p. 131. 

A. H. W. ATEN: “The Passivity of Chromium”. (Third Communication). (Communicated by Prof. 
A. F. HOLLEMAN), p. 138. 

S. DE BOER: “On the influence of the increase of the osmotic pressure of the fluids of the body 
on different cell-substrata”. (Communicated by Prof. G. VAN RIJNBERK), p. 151. 

A. SMITS: “On the Electrochemical Behaviour of Metals”. (Ccommunicated by Prof. P. ZEEMAN), p. 158. 

J. W. VAN WIJHE: “On the Nervus Terminalis from man to Amphioxus”, p. 172. (With one Plate). 

M. W. BEIJERINCK: “The significance of the tubercle bacteria of the Papilionaceae for the host 


lant”, p. 183. ' ß Ah 
D. COSTER: “On the rotational oscillations of a cylinder in an infinite incompressible liquid”. (Com- 


municated by Prof. J. P. KUENEN), p. 193. 
F. M. JAEGER: “Investigations on PASTEUR’s Principle concerning the Relation between Molecular 
and Crystallonomical Dissymmetry. V. Optically active complex-salts of Iridium-Trioxalic Acid.” 


203: 
E M JAEGER and WILLIAM THOMAS: Idem VI. “On the Fission of Potassium-Rhodium-Malonate 
into Its leave Components”, p. 215. y e i 
F. M. JAEGER and WILLLIAM THOMAS: Idem VII. “On optically active Salts of the Tri- 
ethylenediamine-Chromi-series”, p. 225. 
"A. B. DROOGLEEVER FORTUYN: “The Involution of the Placenta in the Mouse after the Death of 
the Embryo”. (Communicated by Prof. J. BOEKE), p. 231. h R = 
1. K. A. WERTHEIM SALOMONSON: “The Limit of Sensitiveness in the String galvanometer”, p. 235. 
H. C. DELSMAN: “The egg-cleavage of Volvox globator and its relation to the movement of the 
adult form and to the cleavage types of Metazoa.” (Communicated by Prof. J. BOEKE), p. 243. 


| 7 
Proceedings Royal Acad. Amsterdam. Vol. XXI. 


Physios. — “On the Course of the Values of «a and b for Hydrogen 
at, Different Temperatures and Volumes”. Il. By Dr. J. J. van 


Laar. (Communicated by Prof. H. A. LoRENTZ). 
(Communicated in the meeting of Febr. 23,. 19181 
Continuation of $ XVI. 


The factor by which the double integrals (7) are multiplied, now 


becomes, with n=N:v: 
2 


1 q 1 2 Te3 F Eee 1 
Inne xXMN=4X3% Ns RUN AI 


Le, as {a N® —Am =. MN =: 
a? 1 a? l 
EX Ob) RE ER RI 
Ss ® Ss ® 
With omission of 1:» we get, therefore, for the constant of 
attraction a: 
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when also for Fr) and — F’(r) their values according to (8) and (8a) 
are substituted. When to abbreviate we write A” for s? : (a’—s?), the 
above becomes: 
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in which, therefore, =} X (b,), X @. 


Let us first discuss the first integral referring to all the moleeules 
that pass tbe molecule which is supposed not to move, without 
coming in collision with it. We may write for it: 
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As was already remarked above, the above caleulations only hold 
for temperatures above a certain limiting temperature 7’, defined 
5 0’ 


u ee 
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Be 90, 59,1. This is namely the lowest temperature at 
which a ie for 0, is an possible. From (6) follows namely 


mo, —=— =o + go), so that a + 9) can never become greater than 


1, hence p never greater kan ne — 12h, 
When we represent this limiting value of = M: 3uu, by p, 
we get therefore 
1 l—n? 
en me tw 22) 
when we put.the ratio s:a—=n. Accordingly, as long as y remains 
<g,(T>T,), the quantity 1—A?y also remains > 0 in the above 
integral. 

0; is = W° in the limiting case 9=g,; then all the entering 
molecules collide, also those that strike at an angle 6 = 90°, which 
iust reach the rim of {he sphere r—=s, änd will yield there a 
minimum value for r for the last time. 

But as soon as the temperature becomes still lower, and 
becomes —>y,, all the entering molecules collide without previous 
minimum, i.e. they all strike at angles <’ 90° with the normal. For 
these values of p we shall therefore have to execute a separate 
integration later on, i. e. for all the values from > y,ty=x(T—=0): 

Now the integration with respect to r yields: 
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when we put 1—k’p = p?. As sın?V, = 4 (1 +), cos’®, is therefore 
a a 


— 1, 1+Y)= — sn =*) = rn p’. Hence the quan- 
= — 
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tity p? is also = Ei = cos?4,, so that p?—cos’4 always remains 
| a 


positive. For cos?# is at most — c0s’0, in I. 

At the limit r„ the quantity under the rootsign, viz. p’r? —a’ 
(p® —cos’0) is always = 0, because then dr: dt= 0 (compare (39%). 
Hence we Be after introduction of the limits: 


sind dO cos 0 jr 
— — gtg — Bgytg ——— — 
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ken we Br — decos® for sin”dO, Er x for cos0, so that cos, 


is represented by »,. Now dBgty = da:V p’—a® —.12?, so that we find: 
| : 
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as pP. % (see above), ER; 5 
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Multiplying by the factor @ X — —, we have therefore for the 
a) s(a?—s?) 
first part of a: 
ARE. u Vin’ (10) 
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Hence we find for this a value which no longer contains y (hence 7), 
so that the part of the constant of attraction which refers to the 
passiny wmolecules, appears to be independent of the temperature. 
This seems somewhat strange, because near the limiting temperature, 
given by 9, 6, gets near 90°, so that then the limits of /, with 
respect to 0 get nearer and nearer to each other, and finally eoincide 
at 4, = W’ (g = y,). It would therefore be expected that a, would 
become smaller aud smaller according as 7’ decreases, and that it 
would disappear at the limiting temperature. However, this is not 
the case according to (10). The explanation may be found by an 
examination of the paths of the molecules, which shows that with 
the diminution of the velocity u, they Occupy an ever larger portion 
of the path within the sphere of attraction ; to which the eireumstance 
is added that the frequency for the angle, which is proportional to 
sin, reaches its maximum exactly in the neighbourhood of 9 —= 90°. 

When n is near 1,.i.e. a near s (very thin sphere of attraction), 
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Bg’tg approaches 


‚ so that then a, approaches w:n’— w. As 
, j 5? j s? 

S1n.0, is = (1 -- ojre0sd, ar et ze (1 + y), so that »,? will 

a2 

lie between 


Eee i—-n’==0 at high temperatures (P=0),and . 


(0) at lower temperatures (9 —=,). 0, lies, therefore, in both cases 
in the neighbourhood of 90°, hence the ‚limits of integration of 2 
will almost coineide, viz. 9 between # 90° and 90° at high temperatures, 
resp. (90°) and 90° at lower temperatures. 

In the case n-1 the limiting value p, = (1—n’):n? will lie near 
0, ie. T, near &, so that the available range of temperature is 
exceedingly small. 


If, however, n is near 0, i.e. a very much larger than s (very 
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large sphere of attraction), then Bg”tg approaches') '/, n’— an, hence 
{ 1 
a, approaches ® X = x A a’=o. Now 2° lies between 1-0 — +1 


‚at high temperatures and (0) at low temperatures, so that at high 
temperatures 0 will lie between + 0° and 90°, and at low 
temperatures between (90°) and 90°. And the limiting value of y, 
is near , i.e. 7, near 0, so that the available range of temperature 
is very large in this case. That a, now becomes infinite, is not 
astonishing, for to obtain a Jinite value, F(r) should decerease much 
more rapidly with » than is the case on our assumption (8) — viz. 
in inverse ratio to r*. This assumption, however, only holds for not 
too large values of a: s. 


$ XVII. Calculation of (a,),. 


Now we must carry out the second integration in (7°). This 
applies, therefore, to all the molecules that can come in collision, 
as Ö now remains smaller than the limiting angle 9,. It should be 
carried out in wo stages, viz. from 2 —=c0s0)=p to @=x, and 
from @=1(#=0) to_2=p. For in the general integral with 
respect to v (see $ X ie viz. 


f. V p? r-—a? (p’— cos? 6) 


pP’ —co® 4 —=p’—a® will be positive in the first case, negative on 
the other hand in the second case. Accordingly the first stage gives 
rise to a Bgtgy, the second to a log. The first stage, integrated with 
respect to r, yields: 
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because r(i _ Ser is — x,’ (see $ XVI). Hence we have: 
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The first integral yields 5 | Bg’tg —4|4n a,b 
Vp—a 


2 X 
IB ! £ da 
as q TOS13:H0alNE>—t ee 
= = Vp—a®’ 
But the second integral cannot so easily be integrated. As then 
®& dv h 
| — ‚ the said integral becomes: 
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when we put (’—.2,’):(p—x _ ‚ which causes x° to become 
(pPyP+a):(l+Yy), and »’—a,’ to become y’(p’—2,’):1--Y?). 
With Bytgy=w the last integral passes into: 
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as V p’—a,':p in eonsequence of Dye E % , hence p—z,” = 
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s s h 
= —— 2,’, can be replaced by —, and x,’:p* by (@a’—s”): a’, while 
A —S a 
further 
Be Ba a a ER a? — 1 x 
cos = — 8m = sin? 
sin? w + w = + a 1) = 233° w 


and s?:(@— 8) — Ak”. The last transcendental, quasi-elliptical integral 
can now easily (see appendix) be developed into a series, and then 


be approximated. Previously we may observe that «,, hence (and 


‘ therefore also 7), no longer occur in it, so that the result — like 
that of the first part of (2), — will noı be dependent on 
the temperature, as little as this was the case with /, (see $ XVT). 
It is further easy to see that the said integral approaches 


Yan 


k sin 
Vk? sin: w 


vdp = (4 ph" =+%xX#n?” in the limiting case n—1 
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(a = s), hence k = ®; and in the opposite hmiting casen=s (a: s= o), 
Yar 


hencee k=0, approaches % fr a a He u (- Yvcosw—+ 
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+feosw dw) — p cos ap + sin y), which yields the value & 
_ between 0 and I 
Hence the integral in question lies between '/,n’andk=s:V a’ — 2? — 


=s:a—n (as in the latter case s is infinitely small with respect 
to a), so that we can represent it by 
Eu er., 
in which & will lie between 1 (when n=1) and 8: n? — 0,811 
(when n=0). Accordingly the factor & is little variable. It appears 
from the expansion into series (see Appendix A), that & becomes 
— 0,845 for n = 0,6 (i. e. s— 0,6«). 
We now have: 
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so that taking the factor ® X (2a* :s(a’—s’)) into account, the fol- 
lowing equation is found: 
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15% 
Ifnisneari1 (as), this approaches & X er [4°(1-n)-(1-n’)]= 
=wuXxX (4a’—1) = 0,234 w. The limits of integration p and x, are 


"-1-n"=-+0a high 


2 a 
determined by 2? —=1 — 4 (d1--y) = 2: 
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temperatures (9 — 0), resp. (0) at lower temperatures (F—=9Y,), and 


a? 
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2° = (l),resp. (0); so that 9 lies between (0°) and + 90° 


'% ER 
8 
at high temperatures, and (90°) and (90°) at lower temperatures. 
And if n is near 0 (a great with respect to s), then (a,), approaches to 


BR, [ar’—n)--4W’—an)] = ® x (x-—9 —=1,14®. Then we 
n 


have as limits of integration #1 for «, (P =), resp. ()aty—= 9, 
and (1), resp. (0) for p; so that 9 lies between (0°)and + 0° at high 
temperatures, and (90°) and ‚(90°) at low temperatures. 

When (a,), is added to a,, we find for the part of the constant 
of attraction a that is independent of the temperature (coming from 
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the passing molecules and from the (not central) eolliding molecules): 


1—en 


en -n N a Pie = 12 
a, =, +@ıh,=0oX A)! 7 (12) 


According to the above this part comprises the almost totality of 
the angles of ineidence, from 90° to near to 0°, at high temperatures; and 
only a very small part, from 90° to near to 90° at low temperatures; i. e. 
in the limiting cases n— 1 and n — 0. But also in intermediate cases 
this eontinues to hold, because at high temperatures p* always lies in 
a? —s° 


a? 
the neigbourhood of — x — 1, and at low teınperatures 
US [43 


« [4 
always in the neighbourhood of —— X 0=0. 
Us 


Hence the region left for the part of a that is dependent on the 
temperature, is the greater as the temperature becomes smaller. 
l—n 


n(1—n?) 


et 
ı — 


Now the quantity a, in (12) lies between » X 


1 1 
= od In —=wxX Zn? forrn=1,anda X — XI’ =o for 
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$ XVIII. Calculation of (a,),. 


We finally come to the caleulation of the part that is dependent 
on the temperature, and corresponds with the more central collisions 
of the second stage of /,. We now have for the integration with 
respect to r (cf $ XVM: 


a 
if dr 
"Y p?r? + 0?(cos? d—p?) \ 


in which cos’ 09 — p? remains positive between the limits d — 0° and 
9 = Bgcos p. The integral yields: 
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when cosYis put again = «, and cos 0, = & 


s? 
Hl (1- ) (Cf. $ XVD. Hence we have: 
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We ia written — da for sin 0d6 = — d cos 0. The minus sign 
has” again been removed by 'reversing tbe limits of integration. 
Besides — for the sake of homogeneity — a factor p has still been 
introduced under both log. For s/.p we may also write V pP’ —a? 
The first integral can again be easily integrated. d log is namely 


de { : 
er ==,86 that we find for it: 


Ve—p 
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} log? ( z ) — — 4 log? =} log? = 
p 1 p 1 ir vi —p? 
1 ERVTIp: 1—p? . 
for ich with a view to log?” also — } log? may be 
pP 
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The second presents again the same difficulties as the correspond- 
ing Bgtg in $ XVII. This becomes namely, d log now being — 


Ku da 
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seeing that 
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while from (#—p?) : (0’—x,’) = y? follows #’ = (p’—y’a,’) : 1—y?) 


1 y 
2°) : Ay). Now lo 1, = Bu hyp y, 
©.) : d—y?). Now {09 a, I 
so that we find with Bgtghy=w: 


and 2’—ı,’ = (p’ 
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because +, cos’h y can be substituted for cos’h w — 
a? 


Vp—a, 


a’ — 


3’ 
x 


X sin’hw, with sin’hp = cos’ w—1; and s’ : (a’—s?) is — %? (see $XVIN. 
For z,°:p’ we may namely write (@°—s°): a’, and (p’—1,’): p* 
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1-pf 
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l—w,” 
and O0 for y, i.e. for tyhw. Thus \ = and 1 for cos h w—= 
De 
—1:Y(l—tg’hy), or ty 0,: k and1; p’—x,’ being = karr,ailz, 


1-2.’ +V1-p? 
being cos? 0,. Evidently the limits for w are De VS: — 
pP—ı, 


tg 0, wie 
li n + 72 — 1 )and 0, 


as 


is = s#:a:. The limits for & are 1 and p, hence 


Va’, — Va’—p? Er Ve—e’ —2. + V a’—p: = 
Vp—a,’ Vp —ı, 
In this 190,:kis >1, because now p<{1. 

Thus we obtain an integral of quite.the same form as that of 
$ XVII, with only this difference, that now hyperbolical cosinus is 
put instead of the former sinus. When again we expand into & 
series (see Appendix B), it appears that both at high temperatures 
(P—=0) and at low temperature (=, =1:%*) all the terms with 
higher powers of log with respect to the first term disappear, so 
that with close approximation we may write: 


ETENIEIHT, 
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in which p is determined by the relation 2 sm 46 =1-+9 (ef. 
Ss 

equation (6) of the previous paper), in consequence of which ty? 0, : k* 

becomes = (1 + 9): (1—A”y). (n has again been written for 

Ser UT: 


When we now add the found integral to the first, viz. 4 log° rt 
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then (p? being = 


k? 
— pr IIR (1 +), so that p? becomes = 1—k? Y) we get: 
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so that taking into account the factor & X (2 a* :s(a’—s?)), we get 


the following form: 
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(a,), will evidently at high temperature (y near 0) approach to 


1 hir) 
“ N ga r 
a, =» x —— 1 LE +p ee p 
l.e. with’ k" = n? :(1--n?’) to 
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when is simply written for 9: V1-%. This becomes tlierefore 
properly —=0 for T=x. Then the limits of the original integral 
(/,),, viz. p and 1, are equal, viz. =1, which causes the limits of 
the angle of incidence 4 to lie between (0°) and 0° (see also the 
end of $ XV). 

For low temperatures (p near g,—=1:%?), we shall have: 


Call BEE | 
N), n(1—n?) 09 (- VIER Vi=Rp 


1 : N 
omission of log’— in comparison with the infinitely large terms: 
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+ 1 
a an x leg — Xlog Y=9,=1:%) . (13) 
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This gets near to logarithmically infinite. Now the limits p and 1 
are evidently —=0 and 1, so that 0 lies between (90°) and 0°, hence 
comprises the whole region. 

‚When n-1 (a-s), (a,), does not become =» in 13°. For 
as p can never become greater than 1:4?—=(1—n?):n?, (a,), remains 
ÄENErIET i.e. <WX 3.Then’ (n =1=9) 


log (1: n?) becomes 2 (l—n) in (13°), so that (a,), will approach 


evidently smaller than ® X 


o x log 


Via 

If on the other hand n—0 (a large with respect to s), then (a,), 
approaches & X p in (13%), whereas this quantity will approach 
infinite X (log-infinite)® in (139), i.e. will greatly increase, when the 


temperature becomes lower. 


$ XIX. Caleulation of a. 


When we finally add the part of a that is independent of the 
temperature, viz. a, —=&, + (a,), according to (12), to the part that 
is dependent on the temperature according to (13°), then we get at 
high temperature, taking = 4 X (by), X « into account (compare 
$ XVD: 
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in which therefore 
U), a® (l—en 
My Luhem) (d,), a, any A 3 
an(l—n’) (l—en) (l+n)'!/, nr? 
We remind the reader of the fact that the coefficient & (see $ XV 
has the value 1 for n—=1, the value 8:r? — 0,811 for n=(, and 
the value 0,845 for n= 0,6. Further «= MN, in which M is the 
maximum value of the function of force Fir) at contact of the 
molecules, and N the total number of molecules in the volume v. 
At low temperatures (9 —=Y,—=1:%') we get according to (13?): 
log 1/3 2 | 
ee — ‚log 
a® (l—en) vı1—R p 


(1—en) (1 +n)?/,a° | ag Br ‚ (14a) 


az )ber > a. 1 = (145) 
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That for g=%, the value of a becomes logarithmieally infinite, 
and does not get .near exponentially infinite, as is the case on 
assumption of BoITZmann’s temperature-distribution factor (for 


& ’ 
ia) =eie ERTL 1): “/rr becomes of the order e* for T—0), is 
already to be esteemed an advantage. But the above found logarithmie- 
ally infinite will lead to an ordinary finite maximum, when we 
consider that only the very .dejinite velocity u,, which causes p to 
be = M:}uu’=1:%', leads to this log ©. When we take 
Maxweır’s law of the distribution of velocities into account, the 
adjacent velocities will not lead to log oo, and this will accordingly 
pass into a finite maximum. We shall come back to this later on. 

We will, however, point out already here that the logarithmie 
infinity for 9 = 9, is not bound to our special assumption (8) concerning 
Fr). We shall see that this Zog-infinite value of a for = y, is 
found on any supposition concerning F{r). 

But the numerical values of the quantities a, and y in (14%) e.g. 
will of course be dependent on the said supposition. We possess a 
kind of control for the case = 0,n = 1. According te (14°) a, then 
becomes —='/,,®’ X (b,),«@, because (1—en) then becomes = 1 —n, 
hence (1--en):n1—n)=1:n(l-+n)='/,. But according to the 
ordinary (statical) theory, the attractive virial (see $ IX) must be 

° dp, 
a, aNnfı" —- dr. When @a=s, r’=s’ can be brought. before 


p 
S 


the integral sign, and we have ?/,z Nns® Ko —?/,a Nns’ (O— (—M))—= 


— ln Ns®X MN:v(asn—=-.N:v). Hence we find with MN = a for 
a the value (d,), X «, so that the factor by which we have to multiply, 
would have to be=1, and not = '/,,2” = 0,617, as we have found. 
In my opinion this eonclusion can only be drawn from it, that 
even in the limiting case T=@(p=0) the factor of distribution 
at the molecule surface (the sphere of attraetion is infinitely thin 
on the assumption «= s) is not=1, as we assumed above in the 
application of the statical method, but slightly less in consequence 
of the influence of the passing molecules, which does not disappear 
even for n—=1, which is the cause that the full maximum value 
M of the function of force is not reached. And the difference will 
depend on the nature of the function of force used. 

For n = 0,6 the factor of (d,)„« will get the value 


2,467 x 0,483 1,192 


— — 1,55, which comes to this, that the attraction 
1,2 x 0,64 0,768 
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might be thought concentrated at a distance s 1,55 —=1,16s from 
the centre of the considered moleeule (the sphere of attraction 
extends between s and 1,67 s for n = 0,6). 

We saw already that g represents the quantity Mil, um, in 
this u, represents the mean relative velocity with which the mole- 
eules penetrate the sphere of attraction. But this veloeity is augmented 
by a certain amount within the sphere of attraction, so that «, will 
not be in direct relation with the temperature. For very large volumes 
we may, however, entirely negleet this slight ınodification in the 
velocity in comparison with the much larger part_of the path passed 
over with the velocity w,. Only for small volumes this is no longer 
allowed, and in consequence of this new complications will make 
their appearance. 

We may now write: 

ET RE UNSER a RR, 
Bee ,u ut Nu BKCHRTER ER i 
because the mean square of the relative veloeity is twice that of 
the square of veloeity U,’ itself, and '/, RT’ may be written for 
a N UO,°. According to all that was developed above, 


a=a,(I+n de Yı (4) 4 =): . . . (15a) 


may therefore be written for a, according to (14°) — at least for 
not too low temperatures, and when also higher powers of p are 
taken into consideration; whereas for /ow temperatures (p near 
9, —=1:%?) an expression of the form 


a= a, (1-00, | 1-7) BE 


will better answer the purpose, according to (14).In thisx — k? X a 
n? 
er '/se, in which it should be borne in mind that the log 
is now negative, so that the minus sign before A becomes positive 

again. 


We have already pointed out before that the supposition of an 


exceedingly thin sphere of attraction, as is sometimes assumed, must 
be entirely excluded for several reasons '). To this comes the eireum- 
stancethatforn — 1the limitingtemperature 7", in which a will become 
logarithmically infinite (or at least maximum), is givenbyo, =1: BP 


= (i-n?):n?, which for n=1 would give the value 0 for p,1.e. 
T=». And as it has been experimentally found that the said 


1) G£. our first paper. 
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maximum lies at very low temperatures (a continues namely to 
increase, for H, for instance, up to at least '/, 77), the assumption 
n— 1 must be quite rejected. 

As the value 0,08 (about) is found for '/,@ with H,, the value 


0,36 
of RT, ='/,;e@:Y, would become Se X 0,08 = 0,045 withn = 0,6 


De oo ee, ie T, about 12°%,3 absolute. This is 
very well possible, as we have seen that for H, the value of a is 
still inereasing up to 16° abs. (from a, = 370 x 10% to 10 = 
— 740 x 10% about). What is very remarkable, is the fact that the 
limiting temperature seems to lie so elose to the Zriple point of H, 
‘viz. 14° abs.). 

Fontanivent, January 1918. (To be continued). 


Physies. — “On the Course of the Values ofa and b for Hydrogen 
at Different Temperatures and Volumes”. IV. (Continued). 
By Dr. J. J. van Laar. (Communicated by Prof. H. A. LORENTZ). 


(Communicated in the meeting of March 23, 1918). 
$ XX. The value of a below the limiting temperature. 


In this case the integrations need no longer take place in different 
stages, since & minimum distance r,„, which is dependent on d, need 
no longer be reckoned with, so tbat first the integration with respect 
to 9 can be carried out, and then with respect tor. All the entering 
molecules, from 9 =0 to 9 = W°, will now come in collision ; for 
the limiting temperature 7, the moleceules that strike under an 
angle 4—= 90° will just pass the rim of the molecule that is 
supposed not to move. We have, therefore, now to integrate 
(see $ XV): 


a Mor 
az if x (du) & TR z ine dr x >» do bu ur 
s”) Varaedr (a —r?) (k? p—1) 


in which A?:p is now always >1, and in the limitingecase =, —=1:%? 
assımes the value 1. When we put (a’—r?) (k’p—1) — g’, we get 
therefore: 


a ax - | ed 
) Vg’ta: co cos? 6 
Ss Ir 


in which we may write for the second integral: 


a 
7 


log (a cos + Vg’--a? cos? Nr 


so that we have still to integrate: 


da dr 
al A > (du) le Ze + Bi + 4 5 (16) 
q 


If in the first place p is near p,, then qg approaches 0, and the 
integral approaches to 


LT 


dr 3° „9 
fewsejt E ee Be = 
7, ke? y—1 a h 


because gis— res xV a’—1*. Hence we have for the integral: 
a 


; 2 a Var: ER 
09 ——— log log _— i 
VRR 9—1 s a r 


Ss 


We have for the last integral with r:a—a, s:sa=n: 


i „ de RE oa Fr, L 
4 fin a. 24 (3 ne = hr den) 


in which ® —=1 for n=1, and 6: a? — 0,608 for n=0. For 
1 Er. 2 4 6 2 4 
2 ++. =gm, and 4 +" me (14745 +) 


1 
TB = = ior 5a —T, and —n? for n=0.. (Eör'n. 0,6 € — 0,674). 
Hence we get finally: | 


BT I 1 1 2 
= 2 11 178 
= 0) a= E Fr 0 MX a1; (1—e'n?) 4 er log nt 7) 


When we compare this with (14°), where we found for values 
of p in the neighbourhood of 9, (but <p, while 9 remains 


> 9, in (16)) 


«3 RT 1 t nr 1 9 
(P<Y,) Sr N) iR (dl ER = log. | 


we observe with regard to the member that is independent of 7, a 
discontinuity appearingat@ — %,. |We have added, for a comparison, to 


1 

the first (finite) term the term log’ —, which was cancelled in $18in 
N 

form. (135) by the side of the infinitely large logarithmie term]. 


1 E 
: from the factor before the 


For n=1 we find (with the factor 


len: 1 h 
— — n?, in the second case 
ln: 212 


1 
sign ofintegration) in the first case, Fu 


ne. ler 1 1 1 

oh “ I 09° Be a. And for n=0 we find = a’, resp. 

1 Basler. ER 

n. + Do a’ o?°. This difference can be partly accounted 
n 

for by the sudden disappearance at = y, 0f the terms which refer 

2 
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to the passing molecules, and which, therefore, do not occur any 
more in (17). But in any case the difference is of no importance, 
as these terms, which are independent of p, remain finite with respect 
to the term that depends on p, and logarithmically approaches infinity. 
(In the case n— 0, where — for infinitely large spheres of attraction — 
tbe entire quantity a would become infinite, Ei accordingly our 
derivation is no longer valid, the fact that log’ — becomes infinite, 
is of no importance at all). 

We will still point out that for =, a does not only become 
logarithmically infinite with the form of f(r) assumed by 8, but 
with any arbitrary assumption about this. Compare for this Appendix C. 

We suppose in the second place in (16) p near o (i.e. 7’ near 0). 

For the integral in (16) we may then write, as g becomes very 
large: 


a ad 


a 
= a 14 = [Ex RR a f dr 
N (+ 2) Ir ge orBRa 


Ss Ss 


wir 


il a— Va —r?\a 1 a— Va—s 
—= (1 == — log 1— log rn 
2, s Ve (D— 1 


ı s | 
1 a+ Va’—s 
= log > 
Vkep—l 8 


When the factor before the sign of integration is taken into 
account we get therefore: 
pPp=mw 1 Be; a Fa ee 
rl) zn a ee 
RR 0 ) . n (l—n?) x aa x VReo—l R n 


This approaches O therefore, when $ approaches o (7 approaches 0). 
We may write for A?g—1, after substitution of the value for p, 


n ESEL: 
ıe expression er 
Hence after the maximum for a at =, the attraction steadily 

decreases, and disappears at 0° abs. This result was to be foreseen. 

In the original integral of the virial of attraction the radical quantity 

in the denominator becomes namely — » at O° abs., when y becomes 

=». This radical quantity expresses the relative increase of velocity 
in the sphere of attraction, and as this increase remains ‚finite with 
respect to u,—0, the relative increase will become infinitely great. 


when 7 is near 0. 
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And this relative increase of veloeity entirely determines the density 
in the sphere of attraction, which is in inverse 'ratio to it. SR 
We observe once more here, that the earlier een theor 
would give an ewponentially infinite value for a at 0° abs., wh : 
in reality it is = (0. ehe 


Forn=1 (a=s) the limiting-value of will be= log 1 In = 
—n? . 5 = 


il 2 
. N . D} 2 
. With 1% sn Vkp—1l (see above) this becomes 


ln! l—n 


1:n, so that then a will approach (d,), @ X 7 
S "he 


For n=0 (a great with respect to s) the absolute zero coincides 
with the limiting temperature, given by ,=1:#®—=(1—n?):n?. 


1 
For then 9,=» (7,0). In (18) Lim — log becomes further — Se 
n N n 3 
B 1 2 1 
so that then a will approach (d,) „a x — log —xX ze ‚ which 
: n n 


b | =: 2. Be: 1: 
i RT 


again becomes —=0 for T=0, so long as n is not absolutely —= 0, 
which of course would be practically impossible. 

Summarising we can therefore state, in agreement with the above 
developed exact theory concerning the quantity a for very large 
volume, that a, from a limiting value at 7’= », steadily increases 
to a maximum value at T—=T,, after which it decreases again, 
till a has become —=0 at the absolute zero. The mentioned limiting 
temperature 7, is then determined by R7,='/,a:yp, in which 
p,=(1—n?):n’. (n=s:a, in which s represents the diameter of 
a molecule, and a the radius of the spbere of attraction). For Z, 


T, is about = 47%, the ratio of the values of a,, a, and a, being 
BB, 2. 


In the next paper we shall briefly discuss the influence of Maxwrur’s 
distribution of velocity, and then treat the course of the quantity 
b from T=o to T—=0, likewise at large volume. Then the values 
of a and b for small volumes will be considered, so as to make a 
complete theoretical insight possible concerning the whole course of 
a and b along the boundary line, both along the vapour branch 


and along the liquid branch. 


Fontanivent, January 1918. (To be continued). 
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APPENDIX. 


ar 


A The integral ke ie. (addition o PER) 


bi +? sin in 


When we expand this into a series through repeated partial 
integration, we get: 
sin W Un wdP wWdb w’d’P 


N Brkdp. — - 
V1-+R? sin’ x = Gap 24dyw? 120dy 


... 


in which (through w) all the terms at the lower limit 0 disappear. 
And for the upper limit all the odd differential quotients of P will 
disappear, because in this cos occurs as factor. Indeed, when we 


ß dv - 
put 144’ sinp —= o, so that ir becomes = 2%? sin wcosıp, we have: 


dP a —k Sa! 1 
26 = — a ler sin a cos ıf n = 008 Y ( er 3 + ns = 
1—o 1 cos 
Be v( a ER on. 
eP „ 008 1) sin 3k? cos? Er 
EIERN 922 Em ee Bar 
ig 2 RT (2%? sin ıp cos ıp) Br N v( Fr a 


3(1+%? 
e ein w( - -) 


because 4? cos’p = k’—k?sin’ y = ®—(o—1) = (144) —w. We have 
further: 


d’p 15(1+44) 6 | ; 
dp N ( = — Een) (—k? sinyp a re ) — >) 
15 (1-44?) ; 

=- mu (5 = ne ©) + rn 
ws «wol [DYE) 
ne ( u Be }: 
wa wa 
And also: 


105 n a 2400 (1+%) +30 12 i 
= + ne (—k? sin cos) + 


‚115. (B) rer 
Br. FF u 4) 
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Bin (105(1+%) 60 (1-+%k?) +30 12 
ee er jet ER Ar a ((1+4) — @)+ 
j 1541-52) 513 (1--k?) +6 4 
4 ( ol — TE A ee) 


Zei | U 8001 HEISHI2OCH RN), SKI) +24 8 
Wr we OyP oh | 
Ete. Ete. As has been said, all the odd differential quotients dis- 

appear for W='!/,r, and as ® becomes —1 +% for vz'n, 


we keep: 
d2P 1 (ER 
es Toh Are 
d‘P er a: 4 9 8 1—8 k? 
(Mr) oh oh mE mh (IHRE (IHR (HR 


For the sake of brevity we have only taken the part with sin w 
into account in the last caleulation of the two differential quotients: 


: j dr. ; 
that with cosw is namely = 0. I.e. of — only the part es 
dıp? h a", 
d* 
and of PAR only the part with sin in the first of the three lines 


belonging to this. The other parts have every time been necessary 
for the determination of the next higher differential quotient. Proceeding, 
we should have found: 
2 225 360 156 1—88%?+136%* 
ap  \azeya (ren! in) EIN 
The coefficients of the highest powers of 1 +4? are in all these 
ulesreen, = 1, 4%), U X3X5)%,.-eter . The sum of. the 
eoefficients is always = 1. 9 —8=1; 225 — 360 + 136 =1). 
Hence we get now, taking into consideration that k:vY 1+ A) = 
6} SER, 
zo... 2. een and (Pia !: vi+k: 
Vor Vor. 4 
ar 
. - ı 2 1 1 4 
2.0 ler, 
VI-+R sin’ w 2 I1-pA® 24 
{) 


6} [4 


1-8R (am), 1-B8RHISCH (um | ee. | 

142)” 720 (d+%) 40320 a 
in which we may also write 1—n? for 1:1 +4) = (a—s?): a’. 
The above series is convergent, as is easily seen from the structure 
of the factors 1-84): A + Wr —=9:1 +)" —=8(l + Mr, etc, 
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For large values of kla=s, .e n— 1) it converges very greatly, 
and rapidly approaches the first term, i.e. n x Yer?. 
For small values of k (near 0, i.e. a large with respect to s,n — 0) 


the series becomes: 
n [4 4)r’— ul) m)' + 755 (dat — etc] n (1-0 a)=n. 

For the two limiting cases n—=1 and n=(0 we, therefore, find 
back the same values as we had already found by direct integration 
in the text of $ 17. 

When n—=0,, we get 1-84 = 14,5 = — 3,5, 1—884* + 
+ 1364 —= 1—49,5 + 43,0 = —5,5, 1:1 +%)= 0,64, so that 
with ?/,x’ = 2,4674, the integral being put = en X '/, # (cf. the text 
of $ 17), we find from 
1 (00), 1-8 (/,a)‘ 1881” 4+136%* (%),R)° 


a etc. 
Bl 12. Tre B60 (142)? 20160 E 
for & the value 
1—0,1316—0,02425 + 0,00107 .... = 0,8452... — 0,845. 
/ 
B. The integral ef RP ydhp (addition to $ XVII). 
V1-K? cosh w 


tgdg:k 
In entirely the same way as for the above treated integral we 
find through repeated partial integration: 


Prag! Hr \ ® ge 
cos hy tg 09° . og 
vd = — | S — ; T 
VI-HR? cos’ hy sec, 2 se? 45 6 
9%:k 
3(1+%?) 2. \ log‘ 
tg 0 Ber in 
ri je sec’ O, - 24 


196, 15(1+%) 12(1+%°) 46 4 N log’ 
pn A Er ne. 
k? sec’6, sec’ d, sec’6,) 120 


in which log represents log er 1) 


In this it has been taken into account that d coshp — sinhıyp and 
dsinhy= coshw, and that further — A? cos’h w can again be replaced 
by 1—@ (when namely 1 + A? cos’hıp is put—= w) and — A? sin’h w 
by— kco®hy+ k—=(1 + %”Y)— w. Now the terms with odd powers 
of y do not disappear, because at the lower limit the factor sinh %, 
which occurs for these powers, does not disappear (as for the above 
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RE 
au 
because coshyp then is —=1y0,:k. At the upper limit everything 
disappears, because then $—0. (Besides, the terms with odd powers 
of w still contain the factor sin/hıp, which now likewise becomes 
=0(, because coshıp becomes —1 at the upper limit. (Cf. further 
the text of $ 18)). We may, therefore, write: 


il = E 0,1% ( Sch) 2 ie 


2 ANDERE ee. 2 


augen Se nt 


11929, |1-+i9?0, 6 (1+19?0,)  (1-+19:0,) 


4 log’ 
=> rar + etc. j 
Let us now introduce the quantity 9, determined by equation (6) 
of the last paper but one, viz. 


treated integral cos w at (he upper limit), but becomes — Be 


a? M 
— gan 0,=]1 nn TE 
> sin? G, — Tu Il+9% 
in which, therefore, % depends on the temperature (determined by 
a 
/,au,’). For 1-+19?9, we may write ee because A? (1-49): 


: 1—A?g) may be substituted for 1y?0, = . (1-4) ie — - (1 +) 


a2 


2 s 2 j 
with or k*. For t9’0,—k? we find A’(1+%?)p :(1—k”Y), so that 
we geil: 

l. —_ tod? e.22 y 4 : 
eg 2 Denen 
vir® 2 14% 24. 

1— kp log? 1—k’g)’ (9 — 15%? 
Sp | gl (‘ a N 
142 6 (1422)? 
(1 k’p) (8—12%’y)\ log’ t 
14 ® ers | 
in which 
190 oa Vi+ytvria+k 
lg = Ing (" Sy —1)=in En 2 x 
k RP. V1-kp 


Let us now examine, what are the limiting values to which the 
‘found integral approaches at high temperatures, and at low tempe- 
ratures (p near 9, —=1:4%). 

At hiyh temperatures (p = 0) log draws near to log1=0, so 
that all the terms with high powers of log are cancelled by the 


24 


side of the first term, and besides the whole part with Ay'p disap- 
pears. That in this case only the first term with log’ remains, follows 
also from this that WA, =M(AÜ+P): (1—4*y) approaches & for 
p=0, so that in case of equality of tlıe limits of the original integral 
the factor Kkcos hp: V IHR? coshyp—k: V1-+4” does not change 
between them (with respect to the log that becomes O at both the 
limits), and can accordingly be brought outside the integral sign. 
At low temperatures (but higher than the limiting temperature 


T,, determined by 9,=1:%°) the whole second part of ef will 


again disappear in consequence of the factor 1—k*p, which approaches 
0, whereas of the first part again only the first term with log” remains. 
In this case cshw—=190,:k=w at the lower limit, and the 
factor of pdıw in the integral can again be placed outside the integral 
sign at this limit, which now prevails since the log becomes infinite 
there. At the other limit the log is namely =. 

With close approximation we may, therefore, write (n has been 


written for k:V1+R’=s:a): 


= - NAAR  VERSHVRTRE 

VI—?p 
with neglecet of all the terms with higher powers of log. Only at 
intermediary temperatures the omitted part can have any influence 
— but the difference brought about by this-might possibly be made 
(o disappear entirely on a somewhat modified assumption concerning 
fr) between a and s (see $ XV). 


C. The quantity a for y=y,—= 1:4? (addition to $ XX). 
The en integral was (cf $ a 


SEK N ir PO) sin 0d0 


Be 


Br may also write for the integral: 


J f vr a frrnen(C+ | 2), 


En rofl —(@—r)=g’ is put. When /(r) is generally 
st 
ra that this duly becomes =1 forr—s, then — I 


bst ps! 
SE and 2er E= Fertgrll —1?). Hence we now have: 


NE dee 


ii 


aaa ee ee er 
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a 


ta? st—1 dr a a? 
ae 5 I + +2) 
Q7—S Tr q q 


Ss 
in which the quantity g for the lower limit passes into 95? — (a’— s?), 
= a—s? 1-n? 1 
which becomes = 0 for y = a ir =— as before The 
8 n kr 
value of a will, therefore, again approach to logarithmically infinite 
for p=g9,—=1:%*: This is, accordingly, entirely independent of the 
exponent ? in the assumed law of force /(r) 2. 1. 


Physiology. — “On the Peripheral Sensitive Nervous System.” 
‚By Dr. G. ©. Herınea. (Communicated by Prof. J. Boskr). 


(Communicated in the meeting of February 23, 1918). 


When we endeavour to summarize our knowledge of the peripheral 
sensitive nervous system, which is a time-consuming experience as 
it involves the perusal of an enormous number of periodicals, we 
shall find amidst a mass of controversial matter a number of facts 
received by various controversialists, which, when put together, make 
up a gratifying whole. 

In the neurological elinie the doetrine of neurons in still all but 
paramount, but in the neuro-anatomie literature it is quite a different 
thing. There, in spite of this same doctrine of neurons, experiences 
come to the front pointing to the existence of a very extensive 
continuous retiform structure of sensory nerves close to the periphery. 
As has been insisted upon by Ararar there exists a highly delicate 
texture of anastomotie nerve-fibers close under the surface of the 
body of invertebrates. This view has hardly been disqualified. It 
is now getting more and more evident that such a network is also 
to be found in vertebrates. 

Many data regarding the “rete amielinica_subpapillare”” we owe 
especially to Rurrını and. his school, who based upon them his 
theory of the “eireuito chuiso delle neurofibrille.”” According to the 
descriptions given by Rurrmı himself, the fibers of this network 
spring from different sources: 

1. end-branches of the ordinary. medullated fibers; 

2. ultraterminals of endorgans; 

3. sympathetie fibers; 

4. ultraterminals of fibers belonging to the Tımorkkw-system. 

From all sides (Borzzar, LsontowitcH, Prexriss, SFAMENI, DoGikr,) 
much evidential matter tending in the same direction, has been 
brought forward, so that no room is left for any doubt as to the 
principal facts, though there remains some difference of opinion 
regarding the components of the network, and though several 
inquirers will not go.the length of subseribing to all the inferences 
of Rurrinı’s “teoria unitaria.” 


Two recent publications from the Italian school seem to me to be 


a See eu uch ee ee eier ee ee ie ei ee ee 


27 


interesting in this connection. STEPHANELL ‘) desceribes an extensive 
network of nerve-fibers, which he found in the skin of reptiles. 
This network built up of non-medullated fibers is easily distinguish- 
able from the familiar subepithelial plexus, which lies deeper and 
in which only an interlacement of nerve-fibers, for the greater part 
still medullated, takes place. The relations of the non-medullated 
network to the subepithelial plexus are also deseribed minutely by 
him. In the former, which spreads diffusely as a true network of» 
nerves. in the skin, he describes by the side of very few other 
endings an “organo di senso in stato diffuso,” a eonception which 
is the more plausible since the network is immediately connected 
with an intrapapillary extension of the same nature. 

Here lies the link that joins Srernanernı’s publication to that of 
VITALI. °) \ 

Vırauı examined the skin of the nail-bed also after Rurrını’s gold- 
chloride method. His results correspond completely with those of 
similar researches by Rurrmı and others. In succession he describes 
the presence of many free endings easy to differentiate by the very 
melodious Italian names: gomitoli, alberelli, espansioni ad anse 
avoiticeiati, fiochetti papillari, grappoli, and also. of Rurrınrs, 
Meıssner’s and VAter-Pacınts corpuseles. The prineipal interest now 
hinges about the fact that he lays particular stress upon the 
occurrence of anastomoses between the terminals reciprocally and 
upon their contact, as a whole, with the rete amielinica subpapil- 
lare, therewith emphasizing the importance attached by Rurrımı 
long since to the ultraterminals as expounded in his teoria unitaria 
- previously mentioned. Finally Vırauı comes to the conelusion that 
all those terminals together with the rete subpapillare form one 
connected amyelinice meshwork. When following up the Italian school 
a little further, we shall see that this meshwork must be placed on 
a level with Srermaneıuıs diffuse network. Then also the various 
endorgans of the higher vertebrates will be found to be points of 
differentiation amidst less developed surroundings. “Eche cos’altra 
sono,” as Simonelli puts it rbetorically, “quello che noi denomigniano 
espansioni, se non il condensarsi in punti limitati di un simile 
reticolo diffuso periferico: in altri termini- se non punti nodosi e 


l) AUGUSTO STEPHANELLI. Nuovo contributo alla cognoscenza della espansioni 
sensitivi dei Rettili e considerazioni sulla tessitura del sistemo nervoso periferico. 
Intern. Monatschrift. f. Anat. u. Phys. XXXII 1916. — Sui dispositivi micros 
copici della sensibilita cutanea a nella mucosa orale dei Rettili. (Ibid. XXX 1916). 

2) G. Vırauı. Contributo allo studio istologico dell unghia. Le expansioni nervose 
del derma sotto ungeale dell’ uomo. (Ibid. XXXII 1915). 
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maglie piu serrati di una rete generale, che intimamente involge e 
compenetra i tessuti, per meglio localizzare e precusare gli stimoli 
periferici ?”’ | 

Thus, according to this view an unbroken series of anastomoses 
must be traceable in numerous varieties of free endings from the 
rete amielinica on the one side to the tactile corpuscles inserted in 
a rete intrapapillare on the other. 

It would perhaps be premature to consider this highly pregnant 
hypothesis as proven. Still, undoubtedly it is equally true that anyone 
who will take the trouble to look into the literature, will find 
attestations from other authors also pointing unmistakably in the 
same direction. It is evident that the border-lines demarcating the 
various forms of end-organs, elassified into various groups, are by 
no means established. Nearly coeval with the study of the end- 
organs itself are the efforts to establish a phylogenetic pedigree of 
the various end-organs, in which the intrieate forms are reduced to 
more primitive types (MerkeL, Krause, and others). Certain it is 
also that the more forms are brought to light by modern researchers, 
the more the border-lines between the various groups are fading out. 

With this we are impressed forthwith when looking at the illus- 
trations -accompanying the several publications (see e.g. ÜECCHERELLI !) 
v. D. Verpr).’) The leading modern authors (BorezaT, DoGiIEL, 
SFAMENI and followers of Rurrını) endeavour to demonstrate anasto- 
moses between the various endings. DocieL’) says in his article 
about nerve-endings in the external genitalia: “Wenn wir die Be- 
schreibung der Nervenendigungen in den verschiedenen Nerven- 
apparaten, den Genitalkörperchen, den Endkolben und den Meissner- 
schen Körperchen, welche in der Haut der äusseren Genitalorgane 
gelegen sind, vergleichen, und zugleich die beigegebenen Zeichnungen 
betrachten, so müssen wir zu dem Schluss kommen, dasz zwischen 
ihnen kein wesentlicher Unterschied besteht”. 

SFAMENI ‘) also describes the relationship between the genital cor- 
puscles and Krause’s end-bulbs, Gorsı-Mazzonı’s corpuscles and 
Varpr-Pacınt’s corpuscles on the one side and Rurrını’s corpuseles 
on the other. 

Borzzar °) has written a long and comprehensive paper on the 
system and the interrelationship of the nerve-endorgans. 


l) Intern. Monatschr. XXV 1908. 

%) Intern. Mon. XXVI 1909. 

3) Arch. Mier. Anat. XLI. 

4) Arch. di fisiol. I 1904. 

5) Zeitsch. Wiss. Zool. LXXXIV. 1906. 
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But what seems to me to be more important than all this, as it 
falls in with Rorrınr's views, is that also the border-lines be- 
tween the corpuscles and the “free’”’ endings are gradually falling 
away. Here the only differential diagnostie is whether or not a 
capsule is present. The same characteristies of the nerve-fibers, : of 
the supporting tissue, “tactile-cells” or whatever name may be 
given to the cells found in-the endorgans are equally peculiar to 
either group of end-organs. This may be gathered from the illus- 
trations and the descriptions in all papers. Borrzar makes particular 
mention of this, adding that a capsule round a nerve-ending is not 
a question. of vital importance for it, either funetionally or morpho- 
logically. On the contrary Bornzar very often finds by the side of 
a capsuled ending its fellow deprived of a cansule. Thus the free 
“Knäuel” are found side by side with the capsuled “Knäuel” and 
the bulbs of Krause; side by side with Merken’s cells GrANDRY’s 
and Meissner’s corpuscles ete. Moreover. Borzzar distinguishes all 
sorts of gradations between the free and the capsuled endings. 

In other authors we find the same again. Rurrinı’s corpuseles 
are according to Vırarı ') nothing else but capsuled “alberelli”. 

Docıen?) also speaks of non-capsuled corpuscles of Rurrinı. 
SFAMENI ') asserts that non-capsuled varieties occur of the same 
Genital corpuseles, which, as has been observed, are allied to all 
sorts of tactile-corpuscles. Of Mrıssner’s corpuscles there seems to 
exist a large variety of simple modifications. 

SFAMEN! describes intermediate forms between Meıssner’s corpuscles 
and “fiochetti papillare’” i.e. free endings. Docırr’s modifications of 
Meissner’s corpuscles (Rurrını calls them Docırt’s corpuscles) are 
non-capsuled at the upper-pole from which the axis-cylinders are 
branching off into free endings. They are types of Rurrın’s “espan- 
-sioni misti”. Other modifications again of Meıssner’s corpuseles 
(Docıeı, v. D. VeLDe) are characterised by their having a slightly 
developed capsule and a simplified nervecourse. Docıkı’s “einge- 
kapselte Knäuel” described by him in 1903 as modified Mnıssner’s 
corpuseles must therefore be closely allied to the free endings, 
perhaps identical with them (see supra). It seems, then, that Mrıssner’s 
corpuscles are, in a higher degree than many other forms, closely 
allied to free nerve-endings. So when observing the several findings 
concerning the capsule of these corpuscles, we shall see that Lax- 


1) Int. Mon. XXXI. 1916. 
2) Arch. f. Mier. Anat. 1903. 
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GERHANS!) absolutely disproves its existence. He says: “Es besitzt 
der Zellhaufen’) den man Tastkörper nennt, nicht einmal eine 
eigene umschliessende Membran. Ueberal stossen die peripheren 
Zellen direet an das umgebende Bindegewebe, und nur nach längerer 
Einwirkung eines Reagenzes kann es vorkommen, dasz das starre 
Aussehen der Bindegewebsschichten eine eigene Membran vortäuscht”. 

Likewise Rouskt, Taranı, IZQUERDO, HoG6eAn, LEONTÖWITCH absolu- 
tely deny the existencee of a capsule. Meissner, RENAUT, Krause, 
Wotrr, Korsman and Lersesure consider it as a single endothelial 
membrane. Lurrsure ’): “une simple lume conjoncture doublee sur 
une. face profonde par un feuillet endothelial”. From all this it 
follows that the hypothesis brought forward by DocıeL, Rurrını, 
Tnomsa and KoLnıker that the eorpuseles are provided with a true 
lamella-capsule, is hardly tenable. The very gradations (and they 
are many) between Mpnıssner’s corpuscles and the free endings go 
far to substantiate a priori the opinion Of LANGERHANS, who appears 
to bave studied the organs under.consideration thoroughly. They 
also support Borzzar’s view when he puts Meıssner’s corpuseles on 
a level with the complicate, non-capsuled MErkEL’s corpuscles. In 
virtue of my personal inquiry I ineline to LANGERHANS’S view, as 
will appear lower down. 

Finally let us bestow consideration upon the problem of the 
genetic connections between the free endings and the tactile bodies 
“with the subpapillary network. 

If we confine ourselves to the more modern authors, we mention 
the names of Burner, Prentiss, BoTEZAT, LEONTOWITCH, SFAMENI and 
Docıer. ‘), who have, all of them, discussed more or less minutely 
the subepithelial network and its connections with the nerve-endorgans. 

Borzzar differs from the other investigators in that he considers 
the network to be independent of tactile corpuseles. This follows 
from his opinion that the rete amielinica, is built up of fibers of the 
so-called 24 sort °). But for the rest, he sides with the Italian School, 


1) Arch. f. Mier. Anat. IX 1873. 

?) The italics are mine. 

3) Revue gen. d’histol. 1909. 

‘) Berue. Allgemeine Anat. und Phys. des Nervensystems. Leipzig 1903 

PRENTISS. Journ. of Comp. neur. XIV 1904. 

BOTEZAT |.c. 

LEonTowiırtcH Int. Mon. XVIIL 1901. 

SFAMENI, DoGIEr l.c. 

’) Medullated fibers losing their myelin already in the nerve-trunk. It seems 
doubtful whether these fibers are still to be considered as a separate group. 
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our starting point, when in speaking about certain free endings, he 
says that through anostomoses they form a widely spread_ end- 
Structure, “welcher in der Form eines im allgemeinen weitmaschigen 
varikösen Netzes von weithin ausgebreiter Ausdehnung erscheint”, 
which continues into the papillae, and there adheres to ordinary 
medullated fibers. He looks upon this nerve-complex as a “für sich 
bestehender sensibeler Apparat der Lederhaut”. He finds it again in 
fishes and amphibia, so it is beyond doubt that he describes the 
very network which STEPHANELLI discusses in his publication. 

Dosier, an authority on end-organs, coneurs with Rurrını that the 
lateral branches of the free papillary endings blend with the rete 
amielinica: “Wie aus dem mitgeteilten hervorgeht, so hat das aus 
Marklosen Aestchen und Faden zusammengesetzte subpapillaire Ner- 
vengeflecht, die uneingekappselte Nervenknäuel sowie die Schleifen- 
förmig gebogene Bündel und das intrapapillaire Fädennetz einen 
und denselben Ursprung”. Also ‘the Tımorekw fibres of the MrıssnEr- 
corpusceles, which DoGIEL reckons among the sensory system, go to 
‚make up according to him, the intrapapillary nerve-complex by 
means of their ultraterminals. 

SFAMENI, though far from adhering to the teoria unitaria gives a 
description of the subepithelial plexus and of its connection with 
tactile corpuscles and free endings, that accords fairly with Rurrınt’s. 
Nor is it on the whole contradieted by Prextiss and LEONTOWITCH in 
their publications respectively of Rana and the human skin. 

It surely will not do to ignore the many differences between the 
various authors, differences in theoretical eonception, in appreciation 
and in interpretation of their observations. Opposed to Docıer, who 
still holds that interlacement of the fibers is the fundamental principle 
governing the structure of the network, are Borkzat, BETHR, RurrisT, 
LxEoNTowITtcH, and SFAMmENI, who are convinced of the fusion of the 
fibers. Prentiss wavers. It is a fact that the network is built up of 
sensitive fibers. However, the question whether also sympathetie 
elements are fused with it, is as yet unsettled. This depends in some 
degree on the doubtful character of the Tımorerw fibers. Still, though 
the origin of the sensory part of the network is still uncertain, there 
is no denying that, also in this respeet, observers coneur more and 
more. As we observed before Borzzar considers the whole network 
to be made up of anastomotie free nerve-endings. Dosıen, also looks 
upon them as the prineipal components, but according to him also 
ultraterminals of the Tımorkew system of the tactile corpuseles unite 
with it. Swamenı believes there is also some connection with the 
 genital corpuscles; lLEONTOWITCH, Berur, and Prentiıss assume an 
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immediate connection of the network with the free endings as well 
as with corpuseles. All these authors, though theoretically far removed 
from Rürrin’s neurogenetic conceptions, have brought forward a 
number of facts corresponding satisfactorily with those insisted upon 
most emphatically by the Italian school. 

In short there is in the literature about the subjeet a tendency 
towards the hypothesis that there is, generally speaking, intercon- 
nection and coherence in the whole peripheral sensory nervous system. 

It is these facts, .derived from the literature, that enhance the 
significance of recent personal studies made by the BirLscHowsKY method 
on the sensory nerve-endings. 

The Biwrschowsky method differs from the methylene blue- and 
the gold-chloride method in that it affords another view of the 
problems. It does not present those typical appearances, which, when 
comparatively slight magnifications of rather thick sections are 
examined, yield a clear survey of the relations. Its efficiency lies in 
the fact that when preparations counterstained in haem. eosin, are 
examined under a microscope of the highest power, it brings outin 
strong relief the relations between the fibrils and their surroundings. 

Along this totally different path I arrived at conelusions which, 
as I hope, will contribute to lend support to the hypothesis that 
the Meissner corpuscles are more related to the free endings than 
is commonly believed. 

In a paper read at last year’s Congress for Physies und Medicine 
at The Hague (1917) (see also: Verslagen Kon. Ak. v. Wetensch. 
27 April 1917) I recorded some morphological data, hitherto unknown, 
concerning the structure of the axis-cylinder. In that paper I set 
forth that, when tracing an ordinary nerve-fiber from centre to 
periphery, the following changes in the structure are to be observed 
in a transverse section. First we find in the medullary sheath the 
axoplasm, which (in a transverse section) seems to be vacuolar in. 
structure and embraces the nenrofibrils in the protoplasmatie septa 
between the vacuoles. As known, the medullary sheath is surrounded 
by the protoplasmatie sheath of Schuwann with its nucleus. More 
towards the periphery the medullary sheath splits up into several 
tubes. The always vacuolar axoplasma material with its fibrils spreads 
over the daughter medullary sheaths. Together they remain embedded 
in one undivided protoplasmatic mass, which must be considered as 
a continuation of the sheath of Schwann. Still further towards the 
terminus of the course of the nerve the medullary sheaths disappear 
from the section, .so that the neurofibrils lie free in the proto- 
plasmatic envelopment which, now being of vacuolar structure like 


{ 


of ScHwanN passes into the inner capsule of Ihe eorpuscles. 
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ie primitive axis-cylinder, must be assimilated to the sheath of 
SCHWANN blended with the axoplasm. These formations are seen to 
get thinner and thinner and their meshes to get ever wider according 
as ‚they approach the terminus of the nerve. To all appearance they 
ultimately blend or unite with the connective tissue plasmoderms in 
which we find the neurofibrils in the ultimate tract of their course). 

At first I was disposed to think that the described vacuolar 
dissolution of the axis-eylinder was characteristie of the so-called 
free nerve-endings, because I saw the medullated nerves force their 
way into the Maıssner corpuscles without having undergone any 
modification. 

I can go a step farther this time, and assert on the basis of a 
profound investigation of Meıssner’s corpuscles that the axis-eylinders 
inside these corpuseles pass through precisely the same disintegration 
process, previously described by me for the so-called free nerve- 
endings, and just now designated as a vacuolar dissolution. 

Whereas nowadays it is maintained by many inquirers that the 
axis-cylinder loses its medullary sheath, before it enters into the 
eorpuscles, I side with ENGELMANN?), LANGERHANS, FISCHER’) Kry— 
Rerzıus‘) and Lerseure®), having been able to ascertain, in prepa- 
rations treated with Osmie acid, that the medullary sheath, just as 
the sheath of Schwann, is prolonged into the intracorpuscular course 
of the nerves. Moreover my preparations also proved distinctly that 
those miedullary. sheaths split up inside the sheath of Scnwann exactly 
as has been indicated above. 

I hold with Lerzgurk that most likely tbe fact that the Osmium 
method has been abandoned for the modern fibril staining methods, 
is responsible for the erroneous opinions about the presence or the 
absence of medullary sheaths, prevailing in the neurological literature, 

As to the sheath of ScHwans, it goes without saying that I must 
contest the hypothesis that it passes into the formation of'the capsule, 
since to me it is an intrinsie part of ihe lemmoblastic sheath. (DocieL 
and others®)). My preparations, which are well impregnated and of 


. good fixation also enable me to ascertain the fate of the axiseylinders 


ı) C. J. Borke. Studien zur Nervenregeneration I, Verh. Kon. Ak. v. Wet. 
A’dam 2e Sectie Deel, XVIII n?. 6. 

2) Zeitschr. Wiss. Zool. XII 1863. 
3) Arch. f. Mikr. Anat. XII. 

#) Arch. f. Mikr. Anat. IX 1873. 


5) Revue gener. d’histologie 1909. 
6) With more justice LANGERHAUS, KRAUSE and others assert that the sheath 


3 
Proceedings Royal Acad. Amsterdam. Vol. XXI. 
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inside the Muıssnar eorpuscles. For among the cells filling up the 
core of the Mkıssser-corpuscles we find many of the same vacuolar 
non-medullated nerve-sections, which we have described, with the 
fibrils, scattered over the spongy protoplasm. | 

Now it was but another step to establish in well-chosen objects 
that those vacnolar axis-cylinders maintain their course in the cells 
of the core itself. In tangential sections we were in a position to 
observe with absolute certainty that from the axis-cylinder the 
fibrils pass into the protoplasm of those cells, where they may aid 
in making up a regular network of the fine fibrils, and where, as 
a continuation of the vacuolar structure of the axis-cylinder in trans- 
verse section, a reticular protoplasm serves as a substratum to the 
neurofibrils. Just as I observed previously in the corpuscles of 
GrAnDRY, I saw also here a similar diffuse expansion of the net- 
work over the cell-protoplasm, as well as the mechanical tracetion 
phenomena between protoplasm and fibril-system, so that my inter- 
pretation leaves hardly any rooın for doubt. It is beyond all 
question that tbe core cells are indeed parts of the nerve-course 
itself; consequently it fits in with my view ') to term them lemmo- 
blasts together with the other elements, building up the course of 
the nerve. The fibrillar networks described, are by no means terminal. 
As a rule the fibrils are seen to unite again and pursue their way 
as a new axis-cylinder. This is an additional argument for elassing 
those cells among the structural elements of the nerve-course itself. 
In this way I came to the conclusion that the entire MEISSNER cor- 
pusele ıs built up of compact lemmoblast cords in structure completely 
simdar to the free nerve-endings. Now tbis appears to me to be an 
important conclusion, the more so when correlated with the above 
data regarding the connection between the tactile corpuscles and 
the free endings, as discussed in the literature. 

In conelusion I will impart that in the Meissner corpuscles I 
found hardly anything that reminded me of a capsule, certainly not 
a fine fibrillary texture proper, still less a lamellar system. The 
enveloping connective tissue is rather of a loose spongy structure. 
I found in it vacuolar nerve-sections as well as “free” fibrils in- 
vested in the plasmoderms. I often desceried that the contours of 
Meisswer-corpuscles are very indistinet. Especially in the tactile balls 
of the cat’s paw I rarely found typical Mkıssher corpuseles; often, 
however, in the papillary conneetive tissue I found detached groups 


’) C£. G. GC. Herınga. Le developpement des corpuscules de GranprY et de 
Herpst (Arch. neerl. des Sc. Exactes et nat. Serie III B. tome III 1917% 
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of nerve-sections of the familiar appearance in various sizes. Together 
they presented precisely the appearance of a transverse section of a 
Meissner corpusele. Only by studying serial sections it can be ascer- 
tained whether we have to do with a Meissner corpuscle or rather 
with some detached axis-cylinders of free endings. Such forms, which 
must no doubt be classed as modified MekıssnEr corpuscles, are in 
my Jjudgment, as many proofs ‘of the close relationship there is 
indeed between tactile corpuscles and free endings. 

My conclusions, tlierefore, are the following: 

1. the cells found by all inquirers') except Docıkr, in tbe MkıssnnR 
corpuscles are elements of the nerve-course itself, lemmoblasts, as 
I have endeavoured to demonstrate for GRANDRY-corpuscles. 

2. As to structure and behaviour, the nerves in the Meıssnkr- 
corpuscles correspond exactly with those of the so-called free-endings. 

3. so that it is very likely that the terminal branches of the 
MEIssner corpuscles (ultraterminals) form one connected whole with 
the free papillary endings. 


1) TuoMSA. LANGERHANS, RANVIER, MERKEL, KRAUSE, LEONTOWITCH, SFAMENI, 
RUFFINE, LEFEBURE, VAN DE VELDE and others. 
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Astronomy. — “On the Parallax of some Stellar Clusters” (Second 
communication). By Dr. W. J. A. SCHOUTEN. (Communicated 


by Prof. J. C. Kapreryn). 
(Communicated in the meeting of February 23,.1918). 


In a former communication it was shown, how it is possible to 
determine the parallaxes of stellar clusters from the numbers of stars 
of determined magnitude in the elusters by means of the luminosity 
curve of Karrayn. The caleulation was performed for Messier 
3 and Ah and xy Persei. Now the same method is used in order to 
determine the parallax of some other elusters. 


The Small Magellanie Cloud. 


H. S. Leavirt. 1777 Variables in the Magellanie Clouds. Annals 
Harvard Observ. Vol. 60, N’. 4. 

A preliminary catalogue containing 992 stars of the Small Cloud 
and 885 of the Great Magellanie Cloud. The places of 28 stars of 
catalogues in the neighbourhood of the Small Oloud are also given. 

We counted a number of stars and estimated their diameter on 
a photographie plate, taken at the Harvard Observatory. For orien- 
tation we used the catalogne-stars the position of which Miss LeEAvITT 
communicates. In order to reduce the estimates of diameters to 
magnitudes, we 

1°!y counted an area of 1000 ED’ without the Cloud, and determined 
from the numbers of stars of every magnitude the magnitude corre- 
sponding to every diameter by means of Publ. Gron. N°. 27, Table IV, 

2rdiy we estimated the diameters of 142 variable stars, the magni- 
tudes of which oecur in Leavırr’s catalogue and which are equally 
distributed over the Cloud, and we have compared these with the 
mean magnitude, i.e. the average of maximum and minimum, given" 
by Miss Leavimr, 

3!y we have estimated the diameters of the catalogue-stars mentioned 


above and cömpared these with the magnitudes in the C.P.D. and 
ibe Ar: 
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Finally the magnitude corresponding toeach diameter was determined 
from all these data by graphical smoothing. | 

We counted an area of 240 D’ in the Cloud. The results are 
given in the table below. In it N, represents the number of stars 
from the brightest star to the magnitude under consideration. 


Diameter | Magn. | Nm | Magn. Nm | Am | Normal | Cluster 
| | | 

25 10.1 | 1 | a hu | € 
22 10.4 2 | | 
20 10.7 4 105 4 3 | = 3 
17 11.2 5 | 110 Be I ae = 
le 6 | 
se. |. N N 10 
14 117° 1-19 | 
13 20 | 26 | 120 a 16 
12 22 | 0 | 
r 1255| 128 ann 3 24 
10 12.8 87 | | = 
9 13.1 122 | 13:0 122 le sedn | 4 58 
8 13.4 nr | | 
1 13.7 20 | 135 | 20 | "so 5 15 
6 14.0 2 eh a a Cu Rune: 95 
5 14.3 358 | | | 
4 14.6 67 0145| 48 | 188 1 122 
3 14.9 5 | 
2 15.2 810 150 655 | 217 16 201 
) 156 | 1104 15.5 | 1064 409 22 387 
0 16.0 


The normal number of stars is caleulated for the galactic latitude 
b=10°. As we always use the luminosity curve for whole numbers 


- as values of the argument m and have counted here by half magnitudes, 


we may deduce from the above table the following two tables: 


v 


A | 
om ar DE m At m+ An 
x TE 

12.0 33 3.24 11.5 18 3.39 
13.0 107 1.81 1278 61 2.48 
14.0 194 2.35 13.5 151 1.79 
| 
15.0 455 14.5 270 
An+i 


The irregular progress of the quotients 


— is partly to be ex- 


plained from our counting only a small part of the eluster. 
These numbers give the following values for the parallax: 


1 x —= 0.0004 

Il 4 

II 7 

IV 13 

V 11 

VI 4 
Mean a = 0.0007 = 0’’.0002 


From 142 cluster variables that are equally distributed over the 
eluster and oceur in Miss Leavirr’s catalogue, we find for the mean 
apparent magnitude of these stars m = 14.67 and 5log. x = — 15.77, 
so that the mean absolute magnitude of these d Cephei variable 
stars with a short period is M = 3.9 according to our determination 
of the parallax. 

From some d Cephei variable stars with a long period HERTZSPRUNG 
found for the parallax of the Small Magellanie Cloud x = 0".0001. 


Praesepe. 


Une 8r34m 395, en 20°77, lee + 3-10: 

Dr. P. J. van Ruım. The proper motions of the stars in and near 
the Praesepe eluster, Publ. Groningen, N’. 26, 1916. 

The measurement of 2 sets of plates, taken at Potsdam. The 
catalogue contains 531 stars. The diameters were reduced to photo- 
graphic magnitudes by means of standard magnitudes, determined 
by Hrrrtzsprung. The probable error of a magnitude is + 0m.12. 

We have derived the visual magnitudes from the photographie 
ones in the same way as Van Ruım did on page 10 of his publi- 
cation. The correction was determined from the value of the colour 
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index for each apparent magnitude that is based on Parkuvnsr and 
SEARES’ researches. To this objeetions may be raised, as for the 
cluster stars we have to deal with absoluie magnitudes. As, however, 
the relation between colour index and luminosity is only inaceurately 
known as yet and as moreover, it cannot be deeided whether a 
given star belongs to the cluster or not, Van Ruum’s method is the 
only one possible. Van Run found that the photographie magnitudes 
(international scale) between m = 7.5 andm — 14.5 wanted a constant 
correction — 0.5 for reduction to the visual Potsdam scale. There- 
fore by a correction — 0.7 they are reduced to the Harvard scale. 

The number of eluster stars of each magnitude we find by dimi- 
nishing the numbers counted by the normal number, which was 
determined for this eluster from Publ. Gron. N°. 27, Table V. 

It appears at once that the Praesepe stars have faint luminosities. 
The declivities that we observe in the frequency curve of the mag- 
nitudes are partly smaller than the smallest declivity occurring in 
Kaprteyn’s luminosity curve. That is why we could make only four 
determinations of the parallax notwithstanding the great interval of 
magnitudes. These give 

r —= 0.024 + 0".004. : 

This parallax is considerably greater than the one which we 

found for other stellar clusters. 


Messier 52. 


ost, a, 281908 +13, be +1’; 
781°: dlass: D3. 

F. Pıngsporr. Der Sternhaufen in der ('assiopeia. Diss. Bonn. 1909. 
Measurements of three plates, taken by Küsrner. The catalogue 
contains 132 stars up to 15”.0. The standard magnitudes have been 
determined by visual observations by means of gauzes of 25 stars 
by ZURHELLEN. 

We find from 4 determinations: 

a = 0.002 & 0".0003. 


Messier 46. 


2 60 43; a. = 3m 2, = 1835, 5=4+ 6, 
l= 200°, elass: D1. 
W. ZurHkuesn. Der Sternhaufen Messier 46. Veröffentl. Kgl. Stern- 


warte zu Bonn, N°. 11, 1909. 
Measurements of three plates, taken by Küstner. The catalogue 


40 


contains 599 stars. For standard magnitudes 47 stars were used, the 
. brightness of which was estimated by Küsrner or determined by 
means of gauzes by ZURHELLEN. 
We find from 4 determinations: 
x — 0.002 & 0".0001." 


Messier 37, 


N. 6. ©. 2099; a... = dr45m.8, du = + 32°%31, b= 4% 
= 145°; elass: -D1. 
J. ©. Norprunp. Photographische Ausmessung des Sternhaufens 


Messier 37. Inaug. Diss. Upsala 1909, Arkiv för Matematik, Astro- 


nomie och Fysik, Band 5, N’. 17. 

Dr. H. Gisserer. Der Sternhaufen Messier 37. Veröffentl. Kgl. 
Sternwarte zu Bonn, N°. 12, 1914. 

NORDLUND measures 4 plates and gives the places and magnitudes 
of 842 stars. The magnitudes are derived from the diameters according 
to the formula of CHarLısr by means of 214 standard magnitndes 
that have been determined photometrically by Vox ZeiperL. Many of 
“the bright stars of the celuster are red (colour index > 0%.7), e.g. 

some 50 or 70 °/, of the stars of the 10! magnitude. | 

GIEBELER discusses 2 plates taken by Küstner and measured by 
STROELE. The catalogue contains 1231 objects. The magnitudes have 
been joined with NorpLuND’s scale by comparing those of 450 stars. 
For the red stars too the photographice magnitude is given. 

For our purpose it is a drawback that for the red stars the 
photographic magnitude is mentioned. This is why the brightest stars, 
among which many red ones occur, could not be used by us. Exeluding . 
these we find from 4 determinations: 

a = 0".002° + 0".0004. 


Messier 36. 


N... ©: 1960, 0, Shape +344', b=-+2°, 
!= 142°, class: D9. 

Dr. S. Oprenhem. Ausmessung des Sternhaufens G. ©. N’. 1166. 
Publ. der v. Kuffner’schen Sternwarte in Wien, Bd. III, pag. 271-307, 
1894. 

Measurements of three photographie plates. The catalogue contains 
200 stars. The magnitudes were derived from the diameters, measured 
in connection with estimates of visual magnitudes found by Dr. Parısa 
for the greater part of the stars. 

The interval of magnitudes is small. We find from 3 determinations: 

r =0".0052502002 


u ET A 
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20 Vulpeculae. 


N. 6. C. 6885 ; a... Z20'7%.6, ee. 31% 

H. Schurtz. Micrometrisk bestämning af 104 stjernor inom 
teleskopiska stjerngruppen 20 Vulpeeulae. Kongl. Svenska Vetenskaps- 
Akademiens Handlingar, Bandet 11, N’. 3, 1873. 

The magnitudes have been determined by a photometer in accordance 
with ARGELANDER’S scale. 

A. Donser und O. Backtunn. Positionen von 140 Sternen des 
Sternhaufens 20 Vulpeculae nach Ausmessungen photographischer 
Platten. Bulletin de l’Acad. Imp. des Sciences de St. Pötersbourg, * 
Serie V, Volume II, pag. 77-92, 1895. 

Measurements of 2 plates taken by Donner at Helsingfors. The 
magnitudes were taken from SHILow. 

M. Smırow. Grössenbestimmung der Sterne im Sternhaufen 20 
Vulpeculae. Bulletin etc. ut supra, pp. 243-251. 

The magnitudes of the 140 stars, the position of which was deter- 
mined by Donner and BackLunp, were found by measuring the 
diameters of the images. As standards those 100 magnitudes were 
used that ScHuLtz had determined already. SHILOW uses ÜCHARLIER’S 
formula m = 2 — ylog D— zD. The probable error of a difference 
M— Ngcuurz 18 = 0".25. 

We have not reduced the magnitudes based on ARGELANDER’S scale, 
to the Harvarp scale, because SHıLow’s magnitudes differ considerably 
from those of ScHuntz. We find for the parallax from 7 determinations: 


=. 005,0". 00; 
Messier 5. 


N.G.C. 5904; «a 
class: (3. 

M. Sunow. Positionen von 1041 Sternen des Sternhaufens 
5 Messier, aus photographischen Aufnahmen abgeleitet. Bulletin de 
l’Acad. Imp. des Sciences de St. Petersbourg, Serie V, Vol. VIH, 
pag. 253-312, 1898. 

Measurements of 2 plates, taken resp. by BELoroLskyY and KostinskY. 
The magnitudes have been determined in a rather inaccurate manner, 
viz. by comparing the diameters with the images of stars of 20 
Vulpeculae, the magnitudes of which are known. 

8. I. Baırer. Variable Stars in the Cluster Messier 5, Annals 
* Harvard Observ., Vol. 78, Part. II, 1917. 
Ninety-two stars are dealt with. For 72 the period is mentioned. 


—15h13m,5, 0,,,—-+2°27', 6—=+ 45°, 1=333°; 
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Among ihese 3 have long periods. Moreover the magnitudes are 
given for 25 comparison-stars. 

In Smmow’s catalogue the magnitudes of 1006 stars are mentioned. 
The interval of magnitudes is small and the magnitudes are inaccurate. 
Nor did we succeed in redueing them to a more exact scale by 
means of Baırey’s magnitudes. We find the results x = 0".0002 and 
x — 0.0009; consequently as average value: 


x = ('.0005° # 0".0002. 


According to Smarıey the average photogr. magnitude of the 
variable stars is 15”.25 and we found 5 log. a=—16.3; therefore 
M—=15".25—11”.3—=4".0. So we get for the mean absolute magnitude 
of the variable eluster stars 4.0. | 

If we determine the parallax .from the variable stars with a 
known period, we find, when making use of HErtzsprung’s numbers: 


r —= 0.0002. 
Messier 13. 


N.G. 6, 6205;.0,,,16r 33"1 Geha, ae 
elass: C'3: 

J. ScHEINkR. Der grosze Sternhaufen im Hercules Messier 13, 
Abhandl. Kgl. Akad. Berlin 1892. 

The catalogue contains 823 stars. The magnitudes are uncertain. 

H. LüpEnDorrr. Der grosze Sternhaufen im Hercules Messier 13. 
Publ. Astroph. Observ. Potsdam, Bd. XV, N’. 50, 1905. 

This catalogue contains 1118 stars. The brightness is not expressed in 
magnitudes; but the diameters are estimated in 16 “Helligkeitsstufen”. 

H. Shapuey. Studies etc. Second Paper: Thirteen hundred stars in 
the Hercules Cluster (Messier 13). Contrib. Mr. Wırson Observ. 
N2116771915: 

The photogr. and photovis. magnitudes of 1300 stars have been 
determined; but of only 650 stars they have been published. For 
the statistical investigation 1049 magnitudes and colour indices 
were used. 

We make use of lLupenvorrr’s catalogue and we availed ourselves 
of Suapıey’s results in reducing the “Helligkeitsstufen”” to magnitudes. 
First we can express the “Stufen” in photographie magnitudes by 
means of a table in Snartar’s work (p. 25, Table VIII) and these 
may be reduced to photovisual ones by means of the Tables XIV 
and XVI. No correction is wanted for the difference between the 
scales of Harvarp and Mount Wırson, because the visual Harvard 
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scale is continued only up to 12*.0 and for this magnitude agrees 
with the Mr. Wıuson scale. 

Now we determine the numbers An. For the brightest magnitudes 
we find then a declivity, which surpasses by far the greatest deecli- 
vity, found in Karrewn’s curve. This value, great as it is, may 
perbaps be explained from the manner, in which the diameters have 
been reduced to magnitudes. Exeluding of these values being unde- 
sirable & priori and not possible on account of the small interval 
of magnitudes, we have smoothed the numbers observed by a con- 
tinuous curve. Then we find from 4 determinations: 

\ x = (0".00075 # 0".00006. 

From SHarLeyY’s’ research (l.c. p. 79) we derive for the mean 
photographie magnitude of the variable eluster stars which are 
probably d Cepheids, m = 15.2 and we found 5 log. x = — 15.4, 
so that according to our determination of the parallax their mean 
absolute magnitude = 4.8 '). 

From 2 variable stars with known period SHaruer (l.c. p. 82) 
found for the parallax the value: 

a = (0".00008. 
Messier 67. 

N.G.C. 2682; 0, ,. = 8"45"8, 4,0 =+1%°11/, 0=+34°, 183»; 
class: D 2. 

E. FaGErHoLmM. Ueber den Sternhaufen Messier 67. Inaug. Diss. 
Upsala, 1906: 

The catalogue contains 295 stars. The magnitudes were derived 
from the diameters by means of CnarLisr’s interpolation-formula, 
after the visual magnitudes of 15 stars had been determined photo- 
metrically. ; 

H. Stuaruer. Studies ete. III. A catalogue of 311 Stars in Messier 

67, Contrib. Mr. Wırson Observ. N°. 117, 1916. 
For all stars the photogr. magnitudes have been determined and 
also the photovisual ones for all stars within 12’ of the centre. In 
this way 282 colour indices were found. Suaruey finds a much 
greater number of back-ground stars than would be expected. 

Oısson’s catalogue cannot be used on account of the inaceuracy 
of the magnitudes. 

We first make use of FagzrnoLm’s catalogue. The magnitudes that 
are expressed in the ?. D. scale, are reduced to the Harvard scale 
by adding a correction —0”.2. 


!) The values of the parallax and the mean absolute magnitude given here, are 
to be preferred to the preliminary results published in the first communication. 
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Now we derive from 2 determinations (the interval being only 2 


magnitudes): 
a = 0".001 = 00007. 


According to Smaruer (l.ec. p. 10) the difference Fac.-Mr. W. is 
constant — + 0.24 and as Harv. = Mr. Wırsox photovis., we have 
also: Fac.-Harv. — + 0".24. We have taken Fac.-Harv. = + 0”.2, 
so that the magnitudes used should be correct. Upon closer inquiry, 
however, the difference Fac.-SHAapLEY appears not to be constant, 
but to vary with the magnitude. We have determined the errors of 
FacernoLm’s scale by comparing the magnitudes of 156 stars, and 
afterwards we have calculated the numbers A„ for the eorrected 
magnitudes. Now we derive for the parallax from only one deter- 
mination that can be used: 


a—= (0.002. 


By telling off Smaruey’s catalogue we find for the parallax the 
values m = 0".001 and x» = 0".002. Summing up, we may assume 
for the parallax of this eluster: 


” — (0.002. 


For this eluster SHAPLEY determined the colour indices of all the 
stars, perceptible on the plate within a ceircle with a radius of 12’. 
But here, too, no great value can be attached to a comparison of 
the distribution of colours, found by SHarLey for every M, with 
SCHWARZSCHILD’S table. For it is not certain that all stars up to 
13”.0 are visible on the plate, and just here the separation of eluster 
stars and back-ground stars offers great diffieulties. According to 
SHAPLEY the distribution of colours, expressed in percentages of the 
numbers of stars of determined absolute magnitude, is as follows: 


| M 

ee +4.0| +30 
B 0 0 
A 0 15 
F 38 30 
G 51 20 
K 1 30 
M ) 5 
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Messier 11. 


N. GC. 6705; o,,. = 18% 45m. u dm = — 6°93/, b= — 4° 
2 2552; class 03%), 

W. STRATONOFF. Amas stellaire de l’&cu de Sobieski (Messier 11), 
Publ. de l’OÖbserv. de Tachkent N°. 1, 1899. 

The catalogue contains 861 stars. En the estimates and measu- 
rements of diameters the magnitudes have been derived by means 
of the Southern B. D. 

H. Smarıey, Studies ete. IV. The galactic cluster Messier 11, 
Contrib. Mr. Winson Observ. N°. 126, 1916 (A. P.J. Vol. 45, 1917). 

For 458 stars the photogr. and photovis. magnitudes have been 
‚determined. For statistical research 364 stars were available, after 
the uncertain magnitudes and the stars upon which the EBkrHARD- 
effect may be of influence had been exeluded. 

We tell off StrAronorr’s catalogne and we determine the quotients 
An-+ı 

7 Fo 
cannot be used. 

Now we reduce STRATONOFF’s magnitudes to SHarpıky’s scale. In 
order to do so we compare the magnitudes of 293 stars. The results 
“ are given in the table subjoined. 
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It then appears that the magnitudes are too inacceurate and 


N SuapLEy | Sh—Strat. | a | 
10.0 I +15 | 30 | 
. 5 1.94 44 
11.0 1.68 38 
3 1.39 26 
12.0 1.5 1 
5 a 
13.0 0.91 | 50 
2 0.80 | 27 
14.0 0.70 53 


 Afterwards we determine by interpolation A„ for the corrected 
magnitudes. In this way we find for the parallax from 2 determinations: 
x = 0".00055 + 0".00003 


}) Suaprey reckons Messier 11 among the open elusters. 
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The mean parallax of the globular elusters is 0".0006 and that of 
the open elusters (Praesepe exeluded) is 0".003. 
- The number of parallaxes, determined at present, is still t00 small 
to derive conclusions from them as regards the distribution of elusters 
in space. Perhaps this will be possible, when we shall have extended 
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our research to more clusters. It will then also be possible to 
investigate, how far our results give support to the well-known 
theory of giant and dwarf stars. 

From the figure subjoined it is evident that the luminosity eurves 
of the various clusters greatly resemble that found by Prof. Kaprarn 
for the stars in the neishbourhood of the sun. And so this method 
of determining the parallax, proposed by Prof. Karren, is justified. 

In the graphical .representation N y means the number of stars 
from the brightest star to the absolute magnitude under consideration. 
As it is only our purpose to compare the relative frequeneies of 
the various absolute magnitudes, we added in each curve a constant 
amount to log. N y. 


Amsterdam, December 1917. 


Physiology. — “rperiments with Animals on the Nutritive Value 
of Standard Brown-Bread and White-Bread.” By Prof. C. 
Eıskman and Dr. D. J. Hursnorr Por. 


(Communicated in the meeting of April 26, 1918). 


Owing to the scareity of food the old problem has latterly eropped 
up again whether, instead of baking white-bread, it would not be 
more practical to make bread of unboltered meal, since through the 
process of boltering the grain loses 20—30 °/, of its nutritive value, 
according to the degree of milling. The modern technique of grinding 
enables the miller to separate the flour, which contains the constituents 
of the endosperm or starchy part, nearly entirely from the bran 
and the germs of the grain. 

The current opinion :among people that brown-bread is more 
nourishing than white, is founded chiefly on the belief that brown 
bread is more satialing and appeases the appetite for a longer period 
than white bread does. Though this property must not be underrated, 
it scarcely needs to be pointed out, that it cannot be an index-for 
the content of nutritious matter. The bran (inclusive of the germs) 
differs from the flour by a smaller amount of starch and more 
nutritive salts, fat and protein. However it also contains more cellulose, 
which. is all but indigestible for man, and which also renders it diffieult 
for the alimentary canal to utilize the foodstuffs contained in the 
bran, since they are for the greater part shut up within thick walls 
of cellulose. This is why many consider the bran to be useless for 
man, even noxious, and deem it better that only tlour should be 
baked into bread and the bran should be given to the cattle, which 
can digest cellulose well and return to us the foodstuffs of the bran 
in the form of flesh and dairy-products. On the other hand it has 
been argued that this round-about way via the cow, is also attended 
with great loss, and that, in striking a balance, it will turn out 
that man gets more food from wheat in the form of brown bread 
in spite of less digestibility, than from an equal amount of wheat 
in white bread. 

However, it now appears {hat the problem requires re-consideration, 
since it has been proved that, besides the foodstuffs alluded to, the 
bran also contains peculiar constituents, altogether lacking in flour, 
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that are highly conducive to the building up of the animal body, 
nay are even indispensable for its health and growth, viz. the so- 
called accessory foodstuffs or vitamins. 

Here I refer to a paper.read by me (E.) some 20 years ago on a 
fowl’s disease (polyneuritis gallinarum) attended with degeneration 
of the peripheral nerves and motory disturbances arising from a 
polished-riee diet, and resulting in death within a few days, unless 
another diet was had recourse to. When the fowl was fed on un- 
polished rice, or when polishings were added again to the peeled rice, 
| the disease could be prevented, or, if it had already broken out, it 
could be cured. It appeared namely, that the rice-polishings contained 
ingredients which, being diffusible, could be readily extracted with 
water and possessed the same prophylactic and remedial property 
as the polishings themselves. 

The fowl’s disease, which can also be produced in other birds 
(pigeons, rice-birds) in the manner described, shows in many respects 
a close resemblance to beri-beri, and the researches by VORDERMAN, 
and many others after him, demonstrated that much of what was 
brought forward for the one was also applicable to the other. 

It must be especially remembered that what has been said regarding 
rice, also holds for other kinds of grain. Fowls develop the disease, 
- when fed on boltered meal, but not or exceptionally only when given 
the whole grain or unboltered meal. In keeping with this is the fact 
that beri-beri does not only manifest itself where polished rice 
eonstitutes the staple diet, but is also observed among a population 
living chiefly on white-bread (LiTTLr). 

Also in Holland the tropical beri-beri can break out, as has been 
proved by the cases that lately occurred among native sailors of the 
Rotterdam Lloyd, described by KooLemAns Brynen. It is well-known, 
moreover, that the so-called Ship beri-beri, a comparatively mild 
form of the disease, which has been seen from time to time especially 
on Norwegian ships, is also attributed, on reasonable grounds, 
to too one-sided and too vitamin-poor a nourishment. Nor is it at 
all improbable that cases of polyneuritis among men, which do occur 
every now and then, are in some degree allied to beri-beri. 

Fortunately the accessory foodstuffs, playing a part here, occur 
in many other articles of food, such as peas, beans, potatoes, meat, 
egg-yolk etc. There need be no fear, therefore, for the immediate 
appearance of beri-beri, at all events not when foods such as white 
rice and white-bread are not the principal dish. However, if we 
bear in mind that, as has been seen from what we said about meat, 
the relative vitamins form a normal constituent of the animal 
| 4 
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body, (not evolved in it but derived from the food), it is bat natural 
that, especially in times of scareity, a vitamin-poor food should be 
deleterious to the body, even though not causing actual illness. 

Comparative experiments on the nutritive value of brown- and 
white-bread have repeatedliy been undertaken, also when vitamins 
were not thonght of. As early as about seven decades back MAGENDIE 
observed how a dog, fed exelusively on white-bread, lost flesh, got 
weaker and weaker, and succumbed after 40 days; another dog, 
fed on bread made froın the whole wheat, kept in good health. 
Similar results were latterly achieved in Hormkister’s laboratory 
with mice. The evidence from such experiments may be disqualified 
by contending that the laboratory animals actually starve, because 
they refuse to eat white-bread much sooner than brown-bread. Those 
nevertheless who believe in animal instinet will not wholly repudiate 
the significance of this phenomenon. 

We preferred to experiment with fowls, first of all because they 
react most indubitably upon vitamin-poor food with the typical 
aspect of polyneuritis and do not succumb under equivocal symptoms; 
and secondly because when the appetite lessens, they readily submit 
to forced feeding. Forcible feeding is a method also employed in 
poultry-yards. Intense inanition may in this way be prevented up 
to the first indication of the disease, viz. atony of the muscle layer 
of the crop. This causes a more tardy discharge of the erop, so 
that the ordinary daily allowance cannot be gone through. The 
typical weakness in the leg-muscles, reminding so forcibly of & 
similar disturbance attending beri-beri, generally ensues only after 
some days, sometimes weeks. 

Here we also wish to observe that fowls are no more able 
to digest the cellulose of the bran than man is. The thiek walls 
of the cells of the so-called aleurone-layer, in which chiefly protein 
and fat are contained, are left intact in their digestive canal. The 
vitamins, however, as said above, are easily isolated from the bran. 
The meal, from which the Standard bread was baked, was composed 
according to the governmental prescription for the white-bread of 
60°/, inland wheat- and (or) rye-flour, 10 °/, American flour and 30°/, 
potato-meal; for brown-bread of 70°/, unboltered wheat- and (or) 
rye-meal, 25 °/, potato-meal and 5°/, grits and (or) pollard. Potato- 
meal is too pure and, therefore, too one-sided a food. The other 
nutritive constituents of the potato — protein, salts and also vitamins — 
get lost in the preparation. They putrefy our public waters. It would 
have been much more reasonable indeed, to eke bread-meal out 
with powder from dried potatoes, instead of potato-meal. On the 
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other hand yeast raises the vitamin-content; it has a protective and 
curative effect with respect to polyneuritis. An aceidental advantage is 
that during the baking the internal temperature of the dough hardly rises 
above 100° C. As has been shown by Grısss for rice and has been 
corroborated also by myself for other cereals, vitamins are destroyed 
by moist heat only at much higher temperatures. 


In the writer’s laboratory two sets of three fowls have been 
subjected by Dr. Hurnssnorr ‚Por, to feeding-experiments on brown- 
and white-bread; they were young, strong animals of about the 
same age (+ 2 years) and weight. The best fed animals were taken 
for the white-bread experiment; their body-weight averaged ca. 
1550 grms; that of the brown-bread fowls was ca. 1400 grms. The 
bread-ration was ca. 100 grms. 

The results of the experiments are given in the graphies. S denotes 
the moment when forced feeding commenced. P that when the 
typical symptoms of polyneuritis (disturbances in the gait) made 
their appearance. For purposes of accurate comparison the changes 
in the body-weight are not expressed in absolute measure, but in 
percentages of the initial body-weight. 

When first studying the whitebread experiments, we shall notice 
a fall in the body-weight almost immediately, in spite of normal 
appetite, which fall continued also after we proceeded to forced 
feeding. At the close of the 11! week the first fowl (III) devel- 
“ oped polyneuritis and succumbed after a few days. A second (II) 
followed a week later. Henceforth it was fed on brown-bread, just 
as N’. I, which had lost flesh, indeed, but was not yet actually ill. 
With this diet the diseased animal recuperated and the fall in 
body-weight was arrested in either of them. 

Whereas with a polished-rice diet the fowls develop polyneuritis 
most often inside of five weeks, not unfrequently even as early 
as at the end of the 34 week, this outbreak was considerably retard- 
ed in the case of fowls on white-bread. It seems probable that 
this is due to a protective action of the baker’s yeast. 

Much more favourable were the results of the brown-bread ex- 
periments. N’. IV and V remained perfectly healthy and vigorous 
up to the conclusion of the experiment, which lasted 20 weeks. 
They increased in body-weight, N’. V even considerably, so that 
there was no occassion for forced feeding, although a slight inap- 
petence ensued, as is always the case with a uniform diet. ° 

N’. VI fared worse. For the first fortnight it maintained its 


"original weight, but after this time it lost weight constantly ; forced 
jr 
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feeding was of no avail. The animal got anaemic, showed the typical 
aspect of polyneuritis in the 17 week and died a few days later. 

Cases in which the same diet 
is wholesome for the one and 
3 injurious to the other animal are 
not without parallel. Every bio- 
logist has to take account of 
individual differences. These dif- 
ferences also hold for the need 
of vitamins. Gryns hasevenknown 
the disease to break out after a 
prolonged diet of unpolished rice, 
though animals that have already 
been attacked, may most often be 
eured with. the same diet. At- 
tendant cireumstances, such as 
intereurrent diseases, weakening 
influences may also come into 


| Change in body-weight in percentages 
of the initial weight. 
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sary condition for beri beri to 
break out. 


Wittebrood White-bread. 


Bruinbrood = Brown-bread. In resuming it may be allow- 


able. to state that brownbread yields undoubtedly more satisfactory 
results than whitebread. In connection with what we said at the 
beginning, we believe the same to hold good also for human nourishment. 
The drawback of partial indigestibility must not be overestimated. 
Besides, by improvements in the mode of grinding the miller is able 
to neutralize this drawback by a finer distribution of the bran along 
the dry or the wet path, or by removing the coarsest and least 
nutritive outer layers of the grain. This method should henceforth 
be more generally applied. Nature, as it were, has destined the bran 
to eke out the flour; it seems unreasonable, therefore, to separate 
the two and to replace the bran by potatomeal, which last should 
be admixed only in the second place and preferably in the form of 
potato-powder. The use of white-bread should be restricted as much 
as possible. 

Foodstufis that are fit for man, nay that are preferable for Kuren 
sustenance, must in times of scarceity not be given to the cattle. 


The Hygienic Institute of the Utrecht University. 


Physics. — “An indeterminateness in the interpretation of the entropy 
as log W”. By Mrs. T. Enrknrkst- AranassınwA. (Communicated 
by Prof. J.. P. Kuvznen). 


(Communicated in the meeting of March 23, 1918), 


I. A certain quantity of a gas may be given, so large that it may 
be divided into a great number of portions — great enough for the 
purpose we are about to discuss. — without the usual statistical 
treatment of the parts losing its value. 

Regarding the matter from :a thermodynamic point of view we 
assume: 

1. that the entropy of every system strives to attain its maximum. 

2. that the entropy of the total mass of gas is equal to the sum 
. of the entropies of the parts. 

If in accordance with the kinetie theory, we take the entropy to 
be the logarithm of the probability of the state of the system, we 
_ get the following theses as the analogues of those just given: 

1. The state of every system endeavours to approach the greatest 
probability ; 

2. The logarithm of the probability of the state of the total mass 
of gas is equal to the sum of the logarithms of the probability of 
the states of its parts; or in other words: the probability of the state 
of the whole is equal to the product of the probability of the states 
of its parts. 

At the saıne time it may easily be seen that the latter theses are 
only correet provided the combinations with which we reckon in 
the determination of the probability of. the state of the whole are 
submitted to certain limitations, which are quite arbitrary from the 
combinationary point of view. 


"U. We will illustrate this by a simple example, which depends 
only on the caleulus of combinations. 

Let us suppose 27 tables, each provided with three holes. In each 
of the holes a red or a black ball must come to lie. The colour 
‘of the ball may be deeided by a lottery, in which the chance of 
drawing a red ball is */,, and of a black ball '/,. 
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In this case for each table separately — if we still distinguish between 
the three different holes *) — the most probable division of the balls is: 
two red ones and one black one. For this the probability is’) 

2 2 1 3! 12 
ee re 

We must now ask: what is the most probable distribution of the 
combinations over all the 27 tables? We can here still distinguish 
between the tables. As the most probable distribution we get that 
in which on only twelve tables two red balls and one black ball 
lie, on eight of the others three red ones, on Six 2 black ones and 
one red one, and on the last one three black balls. For this 


distribution the probability is expressed by 


W, 1200 EN ONE I 
(a) (5 EL een: 


On the other hand, the chance that on each of the 27 tables 
uniformly two red balls and one black ball should come to lie is given by 


12\ 
LER ae ee 
27 


The ratio between the two is 
ww; 1ar—2 6 LOT27 
Wr: 88.66. 27/ 
which is very much smaller than 1°). 

Let us now suppose the number of balls that can lie on a table, 
and also the number of tables to be greater; the number of different 
typical possibilities of division on each table separately (varying from 
all red to all black) then rises, as also the number of waysin which 
we can find these types of division spread over the collective tables. 

The chance of the most probable division for one particular table 
becomes smaller. The probability W,, that just this division will be 
found repeated on every table, becomes therefore represented by a 
high power of a very small fraetion. 


’ 


1) That is to say, if for a particular combination (e.g. 1 red, 2 black) we count 


as separate possibilities the cases in which differently coloured balls lie in a given 
hole. 


%) The chance of all three being red is 37) of one red and two black -$_, of 
all three black „4,. j % 
»F 6.4787. 12 1ER 122 12 
ee r Dr = 06 '88 15 77 uam in which further 
6/ Lan! IE 12 12 
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On the other hand, the chance W for the realisation of that 
case, in which the different types are found represenfed amongst 
the collective tables in proportion to their probability, will contain 
a large permutation-faetor, and consequentiy — with a suffi- 
ciently large number of tables the ratio W./W,„ may reach any 
degree of smallness. It makes a great difference, therefore, — and 
of course not only to the caleulation of the maximum — whether 
we take the tables collectively as an object of higher order in the 
caleulation of combinations or whether we determine the probability 
for each table separately and caleulate that of the whole as product 
of the separate probabilities. 


III. Suppose that the number of tables and holes for each table are 
not yet given, but only the total number of hollows in all the tables 
together, and that it was left to our choice to divide them amongst 
the tables, then an opinion as to what was the miost probable 
division would be even more arbitrary. 


IV. It is obvious, that the above considerations may be applied 
to the gas, taking into consideration, where necessary, additional 
conditions. 

If we introduce the restrietion that in the parts only we altend 
to all the possible permutations, in defining the most probable 
division, and that in the system as a whole we do not take into 
consideration any further permutations between these parts, only then 
does the probability for the state of the whole appear.as the product 
of the probability of the states of the parts. 

If on the other hand the total system is regarded as a new object 
for combinations, an object of a higher order, the probability of the 
distribution of a special state in the whole is not equal to the 
product of the probabilities of the parts corresponding to this state. 
The latter must be corrected by a certain permutation-factor, the 
magnitude of which is dependent upon the number of tbe parts, 
that is either upon the fineness of the division to be chosen at will, 
or — with a permanently fixed fineness of division — upon the 
magnitude of the total system. 

The question arises: with which log W should the entropy be 
identified ? 

Only when the said permutation-factor is neglected can it be said 
that the tending of the parts towards the maximum of their entropy 
brings with it a striving towards a maximum of the entropy of 


the whole. 


56 


If we adopt the latter view, in other words if we say that the 
log W of a system is almost the same as the sum of log w of its 
parts, at the most a sign of inequality is changed into a sign of 
equality.. It is not justifiable, however, fo reverse the sign of inequality. 
But this is just what happens when, for instance, the uniform 
distribution of density in a gas is regarded as the most probable 
state, and in order to calculate the probability of a distribution 
slightly deviating from this the relation 

log W= I logw, 
is taken as the basis, for in this way each deviating distribution 
appears as a less probable one '). 


V. The above analysis is by no means intended to call into 
question the validity of calculations similar to those indicated in the 
preceding paragraph, as these rest on the thesis that the entropy of 
the whole is equal to the sum of the entropies of the parts, a thesis 
that probably is physically better justified than the combinatory 
reasonings, at least in the circumstances in which they are applied. 
The analysis is merely intended to make clear that the decision of 
the question whether the probability of the state of a system has 
reached its maximum or not, depends upon the point of view of the 
investigator, and that the :deas formed from purely combinatory 
reasonings do not form a satisfactory or conclusive Foundation. to 
direct our choice amongst many different standpoints to any one in 
particular; further that the choice of our standpoint is made on the 
ground of various physical intuitions, which are outside the pale 
of the combination-caleulus as such. 

That is to say, that the combinational reasonings in question 
cannot be deduced from a higher prineiple which may be said to 
rule nature. 


VIE. We can show this more particularly in the case of a gas. 
Let us bring together two cubie centimetres of"gas at different 
temperatures. If it should depend upon the “probability principle” 
which is to happen, it would be quite indefinite whether an equalisa- 
tion of temperature would take place or not. It would depend upon 
the question of which is more important in nature; one cubie 
centimetre or trillions of cubie centimetres. In the latter case our 
two cubic centimetres might just be those members of our trillion 


Bi R. Fürrn. Ueber die Entropie eines realen Gases als Funktion der mittleren 
räumlichen Temperatur- und Dichleverteilung. Phys. Zschr. 18, p. 395—400, 1917; 
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system, which ought to have different temperatures in order that 
the whole may get the most probable division of temperature over 
its parts (trillion tables, and upon each of them million balls). If it 
is advanced against this that an inequality of this kind must 
continually appear in precisely the same cubie centimetres, so that 
our two portions of gas may still equalize their temperature, it must 
not be forgotten that this demands that at the same moment another 
arbitrary pair of cubie centimetres would be obliged to change 
temperature in just the opposite direction. 

Further it must be remembered that in the case when the subdi- 
vision is continued as far as the single molecules we do. actually 
take up the latter standpoint: the momentary kinetic energy accorded 
to each separate molecule is in itself not the most probable; over 
a suffieiently large number of molecules, however, the velocities are 
divided in such a manner that we can only talk of the most probable 
distribution for the whole of these molecules (quadrillion tables with 
one ball on each, or,- what comes to the same, one table with 
quadrillion balls). 


Zoology. — “On the primary character of the markings in Lepr- 
dopterous pupae”. By Prof. J. F. van BEMMELEN. 


(Gommunicated in the meeting of April 26, 1918.) 


On p. 136 of his paper: Zur Zeichnung des Insekten-, im be- 
sonderen des Dipteren- und Lepidopterenflügels (Tijdsehrift voor 
Entomologie, vol. LIX, 1915) pe Meyere raises objections against 
the comparison of the pupal stage in Lepidoptera with the subima- 
ginal instar of Agnatha; a comparison, which as far as I know, was 
first made by Povrrox '), and to which I have expressed my adhe- 
sion in my paper on the pupae of Rhopalocera’). 

He says (translated by me): “It is well known that many investi- 
gators believe the pupa to have evolved from a flying imagolike 
form, the limitation of the wings to the last instar having been 
acquired later on. In these views I cannot agree with my colleague’’ 
(viz. van BEMMELEN). “In what way one may imagine the initial 
evolution of the pupal stage to have taken place, either from a 
dormant subimago, or from a dormant larva (the latter alternative 
according to my view being the more probable), in any case I think 
to be justified in supposing that the Trichoptera, Panorpata, Diptera 
and Lepidoptera have differentiated out of Neuroptera, after the 
latter had acquired the Holometabolic metamorphosis they possess 
to-day. Now the Neuroptera generally have a faintly coloured pupa, 
which leads a hidden life, concealed in the earth or in a cocoon, 
and usually has a thin chitinous skin. Such also is the condition 
with Panorpata, Diptera, and likewise with a number of lower Le- 
pidoptera, as Micropteryx, Lymacodides and many others. 

When therefore we meet with special colour-markings exactly in 
the freeliwing pupae of diurnal butterflies, I am inclined to regard 
this as a wholly secondary feature .... (The italics are mine). 

This statement leads me to the following remarks: 


') E.B. Pourron, The external morphology of the Lepidopterous Pupa, its relation to 
that of other stages and to the origin and history of metamorphosis ; Transactions 
Linnean Society 1890--91. 

?) J. F. va BEMMELEN, Die phylogenetische Bedeutung der Puppenzeichnung bei 
den Rhopaloceren und ihre Beziehungen zu derjenigen der Raupen und Imagines, 
Verh. d. Deutschen Zool. Ges. 23 Versamml. 1913. 
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Against the use of the expression “subimago’ in itself, for the 
pupal stage of Lepidoptera and other Holometabola, pe M&rkae does 
not seem to have fundamental objeetions, for as is seen from his 
own words, he declares that the pupa might be considered as an 
“mactive subimago,” though he himself would prefer the name “in- 
active larva.” 

In this preferenee I cannot agree with him. The conception 
“Jarva” implies the presence of provisional organs, as well as the 
manifestation of a metamorphosis, the moment of which tixes the 
final point of larval life. Now it is clear, that this point lies at the 
passage from caterpillar to pupa. Therefore the latter cannot be called 
an “inactive larva”, but only an “inaetive subimago”. It might 
even be asserted to represent an “inactive imago”, for the provi- 
sional larval organs have disappeared, the imaginal organs on the 
contrary being all present, though still unable to functionate. 

But it is especially against the inference, that this subimaginal stage 
should have been provided with a sufficient mobility to enable it to 
fly about, after the fashion of the caddisflies when they leave the 
water, that DE MEYERE raises objection. According to his view, it 
is much more probable that in none of their phylogenetic stages the 
Lepidoptera or any of their kin: Panorpata, Diptera, or Neuroptera, 
were ever on the wing before the very last moult, so before they 
fully deserved the designation “imago”. 

Now I must admit, that this supposition of the occurrence of a 
flying subimaginal instar among the ancestors of these groups of 
Inseets is merely a hypothesis, which can only be supported by argu- 
ments of probability, while most assuredly important objeetions can 
be opposed against it. One of these diffieulties I will indicate my- 
self: Holometabolie Inseets may indeed be compared still to other 
Hemimetabola than preeisely the Agnatha, and moreover to Ame- 
tabola also, and this comparison may lead to raising the question, 
if the pupal stage might not best be compared to the last instar 
but one of these groups, to which belong insects, whose different 
instars are much more similar to each other than those of Holome- 
tabola, because all of them differ less from the imaginal condition, 
or, what means the same, because they have all deviated in a 
minor degree from the original Insect-type. 

In them we see the wings protrude at an early stage as lateral 
outgrowths of the dorsal body-wall and increase in size at each 
following eedysis, (though entering into function at the last one only. 

Why should this course of development be less primitive than 
that of caddisflies®? Might not the curious phenomenon, that 
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the subimaginal instar of the Ephemeridae, after moulting at the 
surface of the water, flies about for a few moments, then to moult 
again and immediately afterwards to proceed to copulation, rather 
be taken as a speciality of the Agnathous life history, without any 
deeper significance, and therefore of no importance for the explana- 
tion of Holometaboly with its dormant pupal stage. 

On this point I dare not pronounce a definite opinion, but should 
like to point out, that in trying to find an answer to the above 
stated question, we must take into account various general consi- 
derations, in the first place that of the development of wings in 
its totality, viz. the question how Insects (at least Pterygogenea) 
acquired their wings. For this deeides about the question whether 
we are to suppose that the ancestors of modern Pterygote Insects 
never passed through a period, in which they moved about on the 
wing before attaining sexual maturity, or that the beginning of the 
funetional activity of the wings (howsoever acquired) became more 
and more postponed to the last instar. If we are right in accepting 
the second alternative, and therefore in believing that the oldest 
winged insects could already make use of their wings shortly after 
their birth, the Agnatha may have retained a last trace of this 
ancient condition. The apparently absurd fact, that these animals 
fly about in their subimaginal coat for a few moments only, might 
then be explained by the assumption, that they gradually postponed 
the start on the wing to later instars, under the ever increasing 
influence of their secondary adaptation to life in the water. Then 
the difference between them and other Hemimetabola would not 
eonsist in a greater originality of the latter, but in a different 
mode of deviation from the primitive condition, viz. by the 
complete removal of the initiation of real flying to the imaginal 
instar. 

The supposition of such a retardation in the transition to flying 
life-habits is diametrically opposed to the explanation assumed for 
many other phenomena in metamorphosis, viz. that the manifesta- 
tion of new characteristies is gradually removed to ever younger 
instars. In my opinion the former supposition is as well justified as 
the latter. When for instance Weısmann (rightly I think) assumes 
that changes in colour-markings of certain caterpillars, becoming 
visible at their last ecdysis only, have been transferred to 
younger stages in species near akin by a process of precession 
of development, the opposite course of events may also be consi- 
dered possible, viz. that a colour-pattern of the wings, which origi- 
nally came into existence together with the wings themselves, now 
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only appears a long time after the stage in which the radiments of 
the wings first become visible. 

Now what is true for the colour-pattern, may as well be applied 
to the wings themselves. 

I do not intend to enter into these considerations more profoundly,as it 
is irrelevant for the solution of the question, whether or no the eolour- 
pattern on the wing-sheaths of Rhopaloceran pupae possesses phylo- 
genetic significanee. On the contrary it seems to me that in this 
way the question is made- unnecessarily intricate. For the diffe- 
rence between the Lepidopterous pupa and the imago emerging from 
it, as well as between this pupa and the last instar but one in He- 
mimetabola, only consists in the limited mobility and the temporary 
Suspension of food-supply and exeretion in the pupa. In my opi- 
nion there can be no doubt that it has’ lost these functions, and that 
this loss‘ happened gradually. For we are justified in considering 
the seulptured and movable pupae of primitive Lepidoptera as more 
original forms than the mummie-pupae, which are hardly mobile. 
Why then should not absence of colour and of markings be the con- 
sequence of a gradual regression of these characteristies? 

Of course this explanation may be as well applied to Neuroptera 
as to Lepidoptera; DE MeyeEre himself concedes that ihe pupae of 
Neuroptera "“mostly live hidden in the earth or in cocoons, and 
that their chitinous envelope is thin and only poorly coloured”. (The 
italies are mine). 

The causes for the regression of existing colour-patterns — viz. 
darkness and absence of sharpsighted enemies — wbich obtain all 
over the animal kingdom — may therefore have exerted their 
influence on Neuroptera. But this need not involve that the primitive 
Neuropterous ancestors of recent Lepidoptera already had concealed 
and immovable pupae. In any case those ancestors had to pass 
through a long range of thorough transformations, during which 
especially the youngest larval instars deviated ever more from the 
original type of the Insect, and in so doing came to differ from the 
last instar as well’as from the last but one. 

Those two stages on the contrary remained alike in all important 
points, though they came to differ from each other in minor accessory 
characters, which for the pupae chiefly consisted in the loss of 
mobility, with all its consequences. But apart from this immobilisation 
it retained the old primordial characters without or with only small 
modifications, and where a change still occurred, this depended more 
on katabolice phenomena, e.g. partial or total extinction of colour- 
markings, than on progressive alterations. 
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Therefore I think that we need no more ascribe a secondary 
character to the pupal stage of Lepidoptera, than we should be 
inelined to do so to the larval or nymphal instar of Hemi-or Ameta- 
bola. A grasshopper during Ihe succession of its moults, passes 
through a series of successive stages of colour-pattern as well as a 
moth. The idea that the ‘last stage but one of this series bears a 
different character from the preceding instars or the following 
ultimate stage, would never oceur to us. Neither is this supposition 
necessary or useful for the understanding of the Lepidopterous design. 
That the latter is secondarily modified, is beyond doubt, it has been 
changed in all stages, but preeisely in the pupal stage less so than 
in the preceding larval instar or the succeeding imaginal state, as 
Schirrkgeek has shown by comparing the pupal design with that of 
the caterpillar in its first instar. 

As’ to the colour-pattern of the pupa, the same considerations 
can be applied to it as to so many of its further properties. PoULTON 
e.g. has pointed ont, that in the pupae of those butterflies, whose 
forewings show a denticulated outer margin, the wing sheaths do 
not stop at that broken line, yet clearly marked out on its surface, 
but continue for a short bit and then end in an unbroken front line. 
He rightly takes this feature as an indieation, that the ancestors of 
those butterflies at one time possessed normally rounded wings. In 
the same way he was able to show, that in those moths whose. 
females have only vestigial wing-rudiments (the wings of the male 
sex being well developed) the female pupae differ much less from 
the male ones, because their wing-sheaths are only a little bit 
shorter than those of the males. 

Likewise the difference between the sheaths for harbouring the 
filiform antennae of the females and those for the pectinate ones of 
the males was found to be smaller than that between these antennae 
themselves. 

Would not all these features be caused by a recapitulation of 
their phylogeny, by the preservation during the subimaginal stage 
of former conditions which have lost their original meaning. 

On this topie DE Mrryexe makes the following remark: “It is 
diffieult to explain the presence of this line” (viz. PouLton’s mark) 
“already on the young pupal wing, otherwise than by antieipation 
of hereditary tendencies. Anyhow a sufficient number of instances 
can be adduced of cases in which features of different stages are 
transferred to the pupa in both direetions, as well from the imago 
as from the larva.. ..:.... To this same influence of precocious 
entrance into activity might also be ascribed the fact, that certain 
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markings of the imaginal wing are already visible on the pupa, 
e.g. the submarginal spots of Vanessidae. Especially when, as van 
BEMMELEN has pointed out, the imaginal wing-pattern, during the 
beginning of its ontogenetie development, at first shows reminiseences 
of older more generalised types, we can understand, that the pattern 
of the wing-sheaths preeisely reproduces these stages, without our 
being obliged to assume that the imago received its colour-markings 
from the pupa, and that the latter once moved about on wings 
ornamented in the same style”. 

Referring to these considerations of pr Mever& I should like to 
remark, that I do not in the least suppose the imago to have drawn 
on the pupa for its colour-pattern, as may clearly be seen from 
the inferences on p. 358 of my paper: On the phylogenetie signifi- 
cance of the wing-markings of Rhopalocera, (Transact. 24 Entom. 
Congress, Oxford 1912), in which I point out the facts, that: 
1. only the external surface of the wing-sheaths, harbouring the 
developing primaries, wear colour-markings, in contrast to that of 
the secondaries hidden beneath it, while of course both pairs of 
the imaginal wings develop a colour-pattern on both their surfaces; 
and 2. that the primordial or vanishing pattern on these imaginal 
wings is still more primitive and therefore phylogenetically older 
tban the colour-pattern on the pupal sheath, so that there is as 
little reason to suppose that the latter received its pattern from the 
young imaginal wing hidden in its interior, as to make the opposite 
supposition. 

The transferenee of imaginal features to younger instars seems 
probable to me also, as may be seen from the foregoing remarks. 
When however DE Merkrr calls this transference anticipated entrance 
into activity, he must have in view the activation of latent hereditary 
factors, and so must admit the presence of those factors in the 
genetics of the species. They therefore are connected with former 
periods of phylogenetic development, or in other words: the colour- 
pattern of the pupal sheaths must once have ornamented the wings, 
of an insect flying about (or at least walking about) with them. 
Whether this inseet was the imago or the subimago, is a question 
for itself, but in any case pr Maysre’s expression about “antieipated 
activation” includes the inference, that he also considers the pupal 
colour-markings as a recapitulation of a phylogenetically older stage. 

Trying to enter into his ideas, I suppose them to have taken the 
following course: The imaginal instar of Lepidoptera was of old preceded 
by an uncoloured pupal stage. In the ancestry of the recent butterflies 
‘the peeuliar habit was acquired, that their pupae no longer lived in 
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hidden localities, and therefore came in need of protection by 
mimicking- or by warning-colours. They provided for this need by 
means of antieipated activation, viz. by transferring the then BEIBRUE 
pattern of their forewings to the external surface of the pupal wing- 
sheaths. i 

This pattern persisted on the pupa, even after the wings of the 
imago had acquired the new pattern, such as Is found on them to 
day, by the further modification of the old one. 

Even if this view of the course of phylogenetie development 
should prove right, which I consider rather improbable, it would not 
diminish in any way the phylogenetic significance of the pupal pattern, 
and so there would be no need to consider this pattern as wholly 
secondary and therefore destitute of all importance for the phylogeny 
of Lepidoptera. For this it would seen, is what Ds Merere 
means by his words mentioned in {he beginning of this paper: which 
fully 'eited run as follows: 

“When preeisely in the free-living pupae of the butterflies we find 
special colour-markings, I would consider this as a wholly secondary 
feature, the body having first acquired certain pigment-spots, to which 
sympathetic markings of the wingsheaths afterwards were added. 
That the latter show a certain connection with the veinal system, 
cannot astonish us, when we take into consideration the special 
importance of the veins as respiratory and circulatory vessels’. 

Against this view I wish fully to maintain my own, viz. that the 
colour-markings of the butterfly-pupae — those on the body as well 
as those on the wing-sheaths — should be considered as an original 
pattern, the wlole-colour of white, yellow, brown or black. pupae 
of most moths resulting from the loss of this primitive design. 

Regarding in particular the harmony between abdomen and wings, 
in colour-bues as well as in design, we may remark that such a 
similarity is a generally oecurring feature, not only with pupaäe but. 
even and in a higher degree with imagines. Without doubt this 
harmony will often root in a secondary modification of shades and 
markings, of the abdomen as well as the wings, which we may 
ascribe to sympathetic correlation, but this need not oblige us to 
doubt that both patterns result from a primitive one, or to abstain 
from searching after the vestiges of this primitive pattern on both 
those regions of the body. 

What is true for the imagines, is certainly right for the pupae, 
even in & higher degree; remnants of the original design may be 
more probably expected on them and be found there in a more 
complete state, because the imagines are exposed to greater versabi- 
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lity of life-eonditions and external influences, even more 
caterpillars, their habits of moving about and resting, 
and propagaling being more varied. 

Both caterpillars and imagines in these respecis surpass the nearly 
immovable and lethargie pupae. 

De Mererr’s views-on this topic seem to be the cause, that while 
attaching great importance to the differences between the pattern on 
the pupal wing-sheaths of nearly related forms, such as Kuchloe 
cardamines, Pieris - brassicae, Aporia crataegi, he only pays 
very slight attention to the facts pointed out by me, viz. the great 
similarity between the pupal designs in several families of Rhopa- 
locera e. g. Papilionids, Pierids and Nymphalids, a similarity 
not only far exceeding the resemblance between the wing-palterns 
of the imagines that emerge from those pupae, but also rooting in 
the nearer connections of this pupal pattern with the primordial and 
ephemerie design, which appears on the developing wings during 
the course of the pupal life, and only gives place to the conelusive 
imaginal pattern in the very last days before the emergence of the 
imago. | 

These vestigial markings on the rudiments of the wings hidden 
in the pupal sheaths, moreover prove to us that a primordial pattern 
may easily continue its existence in concealment; therefore such 
notions as “sympathetie colouration” or “influence of illumination 
and surroundings’ need not be invoked in order to explain the 
manifestation of such a pattern. 

Though the absence of markings may, in all probability, be con- 
nected with eoncealed life-habits and with absence of light, it would 
not do to consider these influences as the direct and unavoidable 
causes of the deterioration of the pattern. For the pattern is evidently 
able also to persist hidden under the pupal sheath, though in some 
forms it is retained much clearer and more complete than in others, 
without our being able to find an explanation for this difference. 

Now what holds good for the wings inside the pupal sheatlıs, 
will probably also apply to those sheaths themselves. Taking this 
inference for granted, we might expect, that also in some of those 
Lepidoptera, whose pupae conceal themselves in hidden spots, the 
original colour pattern, on the body as well as on the wings, might 
have been more or less preserved. 

_ This turns out to be really the case, as I found when studying 
the pupae of Ühaerocampinae amongst Sphingidae, and of several 
genera of Geometridae. In contrast with the majority of the genera 


belonging to these families, whose pupae are black, brown, yellow 
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or white all over, the genera in question show a well marked and 
regular design of black markings on & light background. Yet the 
majority of these pupae certainly live under nearly similar circum- 
stances as those of their relations, i.e. concealed in the earth, in 
coeoons or between leaves. 

It is worth remarking that preeisely the Chaerocampinae do not 
hide in the earth for the objeet of pupation, as many other Sphingidae 
do, but remain on the surface and there construct a coarse COCOON 
of small lumps of earth glued together with threads. 

In the same way many Geometridae do not pupate inside the 
earth, but above it; their tissue often being so loose, that the pupa 
may be seen inside. I suppose that this may be’the cause of the 
colour-markings on these pupae persisting, whereas those on their 
near allies have disappeared by obliteration in consequence of total 
darkness. 

Yet the Chaerocampa-pupae in so far undoubtediy show the 
influence of their concealed habitat, as their markings not only are 
variable in the highest degree, but also show a marked tendeney 
to obliteration. In this respect they agree with the primordial design 
on the imaginal wings inside the pupal sheath, and also with the 
maculated pattern of those butterfly-pupae, in which the original 
colour-mosaic is replaced by a sympathetic general hue, e.g. the 
uniformly green pupae of Pieris napi, on which the identical 
spots as on P. brassicae, may easily be detected though much 
smaller and less sharp than on the latter (comp. van BEMMELEN, 
Phylogenetische Bedentung der Puppen-Zeichnung, and SCHIERBEEK : 
The significance of the setal pattern in caterpillars and its phylogeny). 

Therefore though the colour-design of the Chaerocampa-pupae 
shows deep traces of obliteration, it nevertheless is clear, that this design 
is founded on the same groundplan as that of butterflies. In my just- 
mentioned paper I have proposed a system of names (comp. fig. 6 
on p. 115), according to which seven chief ranges of spots might 
be distinguished, called by me the dorsal, dorsolateral, epistigmal, 
stigmal, hypostigmal, ventrolateral and ventral rows of spots. In his 
essay Dr. ScHIERBERK has pointed out, that the names of W. MÜLLER 
and WEIsMAnn, who use the expressions supra- and infrastigmal, 
have priority. 

These rows of spots may all be met again on the pupae of sundry 
species of Chaerocampa as well as on those of Deilephila \e.g. 
euphorbia and elpenor) in various degrees of clearness and 
completeness. 


No less striking than this correspondence in colour-design between 
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. Sphingidial and Rhopaloceran pupae, is the connection between the 
markings on the pupae of the Sphinges and on their caterpillars 
and imagines respectively. Among the material at my disposal 1 
found this similarity most distinetly marked in Deilephila celerio, 
as far as general completeness goes, though for certain details or on 
special parts of the body, other related forms sometimes showed 
the similarity still better and more complete, or in a more original 
form, as I hope to point out in-a following communication. 

Though I still lacked the occasion to extend my investigations to 
living caterpillars in their different instars, or to the development 
of the pupal skin beneath the last larval coat, or the imaginal 
epidermis inside the pupa, I do not doubt a moment but these 
transgressive stages will strengthen my conclusions as to the compara- 
bility of larval, nymphal and imaginal colour-design, viz. that all 
three are simply moditications of one and the same ground-plan, 
which manifests itself clearest in the pupa. 


Groningen, April 1918. 
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Physics. — “Calculation of some special cases, in EINSTEIN $ theory 
of gravitation’. By Dr. Gunnar NORDSTRÖM. (Communicated 


by Prof. H. A. LorENTZ). 
(Communicated in the meeting of April 26, 1918). 


As an application of the theorems deduced in two preceding papers 
for Einsrein’s theory ') of gravitation, we shall now calculate the 
gravitation field and the stresses for some special stationary systems 
with spherical symmetry. 

First the state at a surface of discontinuity will be investigated. 


$ 1. Introductory formulae. 


In a field with spherical symmetry a surface of discontinuity 
necessarily is a sphere. This surface will be considered as the limiting 
case of a layer of finite depth, and we shall only have to pay attention 
to such surfaces in which in the limit some component of the material 
stress-energy-tensor increases above every arbitrary limit so that the 
line-integral across the layer remains finite. In general at such a 
surface of discontinuity there evidently works a surface-tension P: 
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where r, denotes the inner radius of the layer, and r, the outer one. 
The radical component of the stress-tensor T” on the contrary we 
£ : 
shall suppose never to pass every arbitrary limit; in other words 
we assume that: 
Tg 


lim jra=0. a 


r9—1,=0 

h Hr ; 
First we shall consider a general surface of discontinuity and 

only afterwards we shall introduce special assumptions. We start 

from the first and third formulae (38) I and from (39) 1. (From these 


three formulae the second formula (38) I may also be derived, but 


\) @. Norpsrröm, On the mass of a material system according to the gravitation 
theory of Einstein. These Proceedings XX, 1917, p. 1076 (eited further on as D 


and: On the energy of the gravitation field in Einstein’s theory. Th j 
y- These Proceedings 
XX, 1918 p. 1238 (eited further on as I). ; 
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we do not need this). The system of coördinates will be fixed by the 
conditions: 
3 a Ns Pe (3) 
Putting further: 
s { T=-V sy T=uuT, RE an ER A) 


and applying a simple transformation, we can write for the mentioned 
starting formulae: 


T w ’ 
-5(1+#F)+1=ren, ee) 
u w 


: ( =) 
le 
u?) 

27, 


2 A De, x 
Al zT. Re pe : 
ee I wel 


dr 


TEN: a AR) 


These formulae hold for each stationary gravitation field with 
spherical symmetry; the system of coordinates only is determined 
by the condition (3). The quantities u and w determine (when 
p=1) all ®omponents g,, of the fundamental tensor according to 
the formulae (25) I. 

When 7,‘ is given, the equation (6) determines u as a function 
of r. By integration across a layer which afterwards by a passage 
to the limit is changed into a surface of discontinuity with 
radius rn =r,—R and after division by R we obtain 


1 1 % 
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This formula shows that u changes discontinuously at a surface 
of discontinuty where 


differs from zero. Such a surface which moreover satisfies the condition 
(2) will be called a material surface. The system of coördinates might 
be chosen in such a way that at the surface u changes continuously, 
but then p would change discontinuously. In general at least one of 
the space-components of the fundamental tensor changes discontinuously 
at a material surface. Witb the aid of formula (5) we shall now 
prove, that «0 on the contrary changes continuously at our material 
surface, when only the condition (2) is satisfied. Equation (5) gives 

=" (1-m77 )- = 19) 
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and by integration across the layer we obtain 


log w,”.— log w,? =| 
u! 


We shall only consider gravitation fields in which « is every- where 
finite and when in the limit we pass to an infinitely thin layer the 
limiting value of the integral on the right-hand side becomes zero 


according to the assumption (2). 
Now we shall apply formnla (7) and substitute in it the expression (9) 
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for — and the expression (6) for 7*. Multiplying further by 
w ; 

d 

we find 
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This equation must be integrated over a layer and afterwards 
we must pass to the case of an infinitesimal depth» In order to 
obtain as a first term on the left-hand side the surface tension P 
as defined by equation (1) we must moreover multiply by w.. We 
shall however not continue our general investigation, but rather 
consider two more special cases. 


dr, (11) 


u(T,—-T,)dr+4{uX(1—r’#T,)—u} 


$ 2. Imvestigation of the state at a material surface. 


First we investigate the case that at the limit 7’,* surpasses any 
value, so that the right-hand side does not become zero, but that 
aT, 


SE remains finite, so that on both sides of the surface of discontinuity 
7 


T' has the same value. 
In (11) we first consider the part of the left-hand side which 
after integration gives 
ra . 
t: Be 1 
I=4 | {u (l—r’xT,) — el 3) 
xr” dr [7 
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We have to caleulate the value of this expression for the limit 
r,—r,=0. In this limiting case r constant =r, —=r,— R, so that 


we have 
1 
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We thus obtain 
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Now we have treated one part of the left-hand side of (11) by 
integration and by passage to the limit. Of the remaining parts of 
this left-hand side those containing 7” remain zero at the passage 
to the limit according to our assumption (2), u remaining moreover 
finite. The part containing 7, on the contrary does not become 
zero. The right-hand side has the value zero at the limit, as we 
have assumed 7’, to change continuously at the surface of discon- 
tinuity. Multiplying our equation still by , which quantity we 
have proved to change continuously at the surface, so that at the 
limit it may be considered as constant, we obtain: 
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Together with (8) tbis formula expresses the laws for a surface 


of discontinuity of the kind we now consider. These formulae will 
be applied to the special case that all matter that is present is 


situated in the material surface. 7”. being continuous, we have in 


this case 7’ 0. Further we have according to (6) both inside and 


7 
in 


outside the surface 
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When r=0, u cannot be zero, so that the value of the constant 
within the surface must be zero. We thus find fr r<R, u=1 
and therefore also 


Zr u N 


Within the spherical material surface we thus have a euclidie 
space. (This is of course true for every hollow sphere; the distri- 
bution of mass and stress on the outside only has spherical symmetry). 
Outside the material surface the constant in equation (13) has not 
the value zero, but a value, proportional to the mass of the system 
which is given by formula (15) II: 
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We thus have for u,: 
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For w we have at our surface: 
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This may be proved e.g. by putling e=0 in formula (12) I 
which holds outside our surface. Also by putting r—= R we obtain 
the value (16) at the surface, and formula (9) shows afterwards (as 
within the surface u=1 and 7,0), that this constant value of 
w holds also everywhere inside the material surface. 

Introdueing the expressions %,, Us, and w, we find for the surface 
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This formula expresses the relation between the surface-tension, 
the mass and the radius. Expressed in the usual units the surface- 
tension is cP (comp. 1p. 1079). The constant of mass « is also con- 
nected with the right-hand side of equation (8). After introduction 
of the values of vw, and u, this equation gives 


rg 


a—xR' lim [rer a a le 


79 Hr =i) 
r] 


In the euclidie space inside the material surface we have not the 
same velocity of light as at an infinite distance from our system, 


but a smaller velocity 
c 1 a : 
R 


We thus have a representation of Eınstein’s idea on the influence 
of distant masses on the veloeity of light in our part of the world. 
Expanding the expression (17) for P in powers of a/R we obtain: 
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erw im timt:-- . . . . (17a) 
Newron’s theory gives for cP: 
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where % is the NEwToNIAN gravitation constant: 
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Introdueing in (175) the expressions for k and m, we find for 
P an expression, corresponding to the first term of (17a). As to the 
terms of lower order the theory of Eınsrmin agrees therefore with 
that of Newton. 


$. 3. Second example of a surface of discontinuity. 


Now we shall consider another kind of surface of discontinuity 
viz. one in which 


Ya 
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but where 7” changes discontinuously. Such a surface of discon- 
tinuity we havee.g. when an electric charge is spread over the surface. 
Formula (8) shows that in the case in question u changes conti- 
nuously at the surface: j 
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Above we showed already by formula (10) that w changes conti- 
'nuously. 

This time too we must multiply formula (11) by w, integrate a 
layer and pass to the limit of an infinitesimal thieckness. As in the 
last part of the left-hand side all quantities remain finite at the 
limit, this part gives the limiting value zero. As further w and w 
change continuously, we obtain 


‚& Dr 
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‘or, introdueing the components of the volume-tensor T 
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The meaning of this equation is trivial. It expresses the equilibrium 
between the surface-tension / at the spherical surface and the 
normal force perpendicular to that surface, the magnitude of which is 
Su %,, per unit of surface. The gravitation has evidently no 


influence. 
When on the surface we have an electric charge e and inside the 


surface no matter, we find (II, note p. 1240) 
De. 2...) 


Now we shall assume that neither outside the surface there is 
any matter except the electric field, and we shall calculate the mass 
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of the electric sphere. As was proved in II $ 1 we have outside 
the sphere 
RR, (r >> B)y sub SH a (23) 


vB ee (24) 
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As inside the sphere and at its surface u= 1, we find from (6) 
by integration up to an upper limit » > & 
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A comparison with equation (11) II shows, that we must have: 
x? 
= = 8n R 
and (15a) gives for the mass m 
Fr. 
= 26 


The charge e being expressed in electro-magnetie units (see II 
p. 1202) this expression for m is equal to the electro-static energy 
divided by c?’. Besides the electro-statice energy no energy occurs in 
our system. That outside the electric body no gravitation energy, is 
present has been proved already in Il $ 2. The last result says 
therefore that neither in the electric surface any gravitation energy 
is accumulated. Ä 


$ 4. A sphere of an incompressible fluid. 


This problem has been treated already by Schwarzschinp, !) but 
as the formulae (5), (6), and (7) lead us by another way quickly 
to the same result, it may be allowed to develop these caleulations 
as shortly as possible. 

That the medium is incompressible means that when at rest 


‚& -.; 
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is a constant characteristie for the medium. The fluid character of 


the medium demands further that no tangential stresses can oceur, 
so that we have 


a 


') K. Scawarzschiup, Ueber das Gravitationsfeld einer Kugel aus inkompressibeler 
Flüssigkeit nach der Einsteinschen Theorie Berl. Ber. 1916 p. 424. 
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where the pressure scalar p') meanwhile is a function of the place 
viz. of r. The radius R of the sphere and the mass m and o are 
related by an equation which is found by integrating (6) from r = 0 
to r=R As fo r=0 u is not zero, while for r—=R it has 


Pr N 
the value — —— _ _ (see II equation (11)), we find 
Me 
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and therefore 
2, 20) 
This shows that g plays the part of density. 
Integrated from r—=0 to an arbitrary upper limit » < R (6) gives 
further u as a function of r. We obtain: 


: 1 
-(i-5 ah 
3 


EEE NN RE ERBEN) 


Now w and p have still t0 be determined as functions of r. The 
quantities w and p are connected by equation (7). This gives 


w' d 
-e4p=-—-, (31) 
w dr 
so that 
dw 
— er p= ip. 
w 


This must be integrated. The integration constant is determined 
by the fact that at the spherical surface p—=0 and 


DW. \ —, ze pe — = R* (see II equation (12)). We thus 


obtain the asked connection between w and p: 
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Now p will be ealeulated as a function of r. Introdueing in (5) 
the expression (30) for u and simplifying the equation we obtain 
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. 1) We need not be afraid that this p will be confused with the quantity p which 
in &$ 1 has been put equal to 1. 
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We eliminate ” between this equation and (31). In this way 
w 


we find a 
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The integration gives 


log O8 — log 1 — = r? — const. 
e+Pp 


The integration constant has to be determined with the aid of the 
condition that for r= R p=0. We therefore find 
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Thus the pressure-scalar p is determined as a function of r. 
Eliminating p between this equation and (32) we obtain for was 
a function of r the expression: 
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In this way we have perfectly determined the gravitation field 
and the pressure distribution inside our sphere. The formulae we 
obtained become identical with those of ScHwarzscHILp when for r 
“ we substitute 


3 
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$ 5. On the gravitation field as it may be imagined to exist 
in the inside of an atom. 


In the theory of atomie structure of RuTHERFORD-BOHR we meet 
with difficulties arising from the assumption that in an atomie nucleus 
of very small dimensions there exist units of charge which — at 
least when they are liberated in the form of eleetrons — have a 
greater diameter than the atomie nucleus. As now Eınstkin’s gravi- 
tation theory states that the space in a gravitation field when 
expressed in natural units is non-euclidie, the question arises whether 
this theory leaves the possibility of. the assumption that the atomie 
nucleus fills a greater space with a narrow ‘neck or perhaps a 


space which crosses itself at a certain point. This question will be 
investigated here. 


Ai 


We consider again a stationary system with spherical symmetry. 
In the same way as above we may define the distance r from the 
centre of symmetry by putting p=1 viz. by demanding that the 
periphery of a circle with its centre at the centre of symmetry is 
2x7, when expressed in nalural units. If we do so in the case in 
question, the state in the field is not a single-valued but within a 
certain interval at least a more-valued function of r. It is therefore 
useful to introduce a new radial space-coordinate of which the 
quantities in the field are single-valued functions. As such a 
coordinate the distance s from the centre of symmetry expressed in 
natural units suggests itself. In order to specialize our discussion we 
can prescribe a relation between tlıe radius defined by the condition 
p—=1 and s and investigate afterwards whether this is in agreement 
with a possible distribution of the components T, of the stress- 
energy-tensor. 

As a trial we put 
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where a is a constant, and we choose the sign thus that a positive 
value of r corresponds to a positive value of s. For small values of 
s r and s are proportional and the three-dimensional space is dilated 
when we come farther away from the centre (viz. from the point 
s—=ß0). For s=a r reaches however a maximum and when s 
increases still further the space is contracted and crosses itself at a 


point in the neighbourhood of s=YV 3a. For still higher values of 
s the space is again dilated. 

Before proceeding we still remark that. in fact the sign of 
r does not play a role. Inversing the sign of » in our fundamental 
formulae (5), (6) and (7) and interchanging also the signs of dr and 
w’ we find from the formulae the same values as above for all 
remaining quantities. For this reason we take in (37) every where 
the + sign, so that r is taken negative in the interval 0<s<V3a. 

While the following disceussions will be based on the fundamental 
equations (5), (6), (7), we suppose u, w,r, T',, 135 T} to be functions 
of s. As s is the distance from the centre of symmetry expressed 
in natural units we obtain, attending to (he meaning of the quantity 
u (see I $ 3) 
De a la aa 
As (37) gives by differentiation 
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we find for u 
an 


That u is negative for s<{a, does not cause any trouble, as the 
fundamental tensor depends on u* only. 

Now we must introduce in equation (6) the expressions (37) and 
(40) for r and wu. Introducing to begin with (he expressions on (he 
left hand-side only we obtain 
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Introdueing the expressions on the right-hand side too we find 
for T,* as a function of s 
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The formulae derived here hold evidently only inside the material 
system of which the outer boundary may be indicated by s= S$. 


In order that the space occupied by the system may cross itself at 
any point we must have because of (37). 
8> V3a. 

In the limiting surface s—= S we have according to (40) u<1. 
In order that in that surface u may pass continuously into the 
value it has in the field on the outside, u must also in the outer 
field be smaller than 1 for s= S. This follows also from formula 
(11) II, when the system has only a sufficient great electrie charge. 
Further it does not matter that « would change discontinuously at 
the boundary, if only ‘this is a material plane as considered in $ 2. 

Formula (41) shows that in the interviVE a<s< ST} is 
negative, which though somewhat startling is not at all absurd. 
Further formula (41) indicates that T} becomes infinite fors—V 3a. 
Within a finite extension there is however only a finite mass of 
matter, which follows from the fact that 77% is every where finite 
according to (+1). 

The equations (40) and (41) for u and Ti involve together with 
(37) that the fundamental equation (6) is satisfied. Now we must 
still determine w, 7, and T’, as functions of s, so that also the 
equations (5) and (7) are satisfied. As (5), (6) and (7) form the 
complete set of field equations for a stationary gravitation field, we 
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may choose for one of the quantities w, T”. and T, an arbitrary 
nele valued function of s. When also the expressions for r, u and 
T} are introduced, the equations (5) and (7) determine now the two 
quantities. All these possible material systems give —- if only the 
distribution of 7% is the same — a three- dimensional space of the 
same curvature, because the formulae (25)/ perfectly determine the 
space-components of the fundamental tensor (when p—=1). The 
eurvature of the four-dimensional space-time continuum on the 
contrary depends also on the distribution of. 7; which quantity 
according to (5) influences w. The following simple assumptions 
might e.g. be made to obtain a definite system : ı» — constant, 7. — 0 
or T,= T), (normal pressure in all direetions). Performing the 
integration of (15) and (7), we might choose the integration constants 
in such a way, that at the boundary s—= S w takes the value that 
holds there for the outer field, for, as was proved in $1, ı changes 
continuously into a surface of discontinuity. 

The purpose of our investigation being reached no further calcu- 
lations wili be added. We have shown that Eınstein’s theory of 
gravitation really admits such a distribution of the stress-energy-tensor 
T, that the (three-dimensional) space crosses itself at a certain point. 
We can also prove without diffieulty, that systems can exist in 
which the space filled with the matter runs out into anarrow neck. 

It is still of some importance to investigate the action of the 
electric forces within the space which is just dilated and afterwards 
again. contracted. We might e.g. investigate the state, when, with 
constant Miss 1ER 7, for the non electro-magnetie matter, a point 
charge was placed at the centre of symmetry. The gravitation field 
will evidently change. We have not only to caleulate_ this field, but 
also the laws of the equilibrium and the motion of other electrie 
(point)-changes in the new electric field. Here we must treat the 
matter as perfectly permeable. These indications may however suflice, 
which show already that Eınstein’s theory opens wide possibilities 
to explain the state in the inside of an atom. 


Chemistry. — “Determination of the Configuration of cıs-trans 
isomeric substances”. By Prof. J. Börseken and Chr. VAN 


Loox. 
(Communicated in {he meeting of May 25, 1918). 


1. The appearance in a number of isomers of unsaturated and 
eyelie compounds, has undoubtedly been a momentous ineitement 
to the acceptance of van "Tr Horr’s hypothesis on-.the carbon atom, 
which is supposed to lie in the centre of its valencies. 

The permanenee of the optical activity at moderate temperatures 
necessitated the attribution of a rather great stability to these 
valencies. Obviously in eycliC molecules the same rigidity had to be 
accepted, and also around the double bond. 

Apart from objections that may rise against the substance of this 
supposition — objections connected with hypotheses on the internal 
structure of the atom — it must be granted that a very elegant 
interpretation has been given of the existence of the aforesaid isoıners. 

In fact, only very seldom eis-trans isomerism could not be observed 
when it was to be expected according to {his theory, while on the 
other hand, if identical radieles are united to one ofthe unsaturated . 
atoms or members of the ring, and therefore no isomers are to be 
anticipated, they were indeed not to be found. 


2. This interpretation of the existence of cis-trans isomers is 
little to be doubted; however, it is much more diffieult to determine 
which isomer has the eis- and which the trans-configuration. 

By a happy coincidence the classical case of eis-trans isomerism, 
viz. that of maleic and fumarie acid, has offered, also in this respect, 
the greatest certainty. 


H—C--CO0OH HOOC—C—H 

I 
H-6=LC0O0H ee G00H 
maleic acid fumarie acid 


The cause is evident: the configuration determination here is based 
almost exclusively on properties that may be deduced from the 
molecules themselves. 

The determination namely of the configuration of geometrical 
isomers takes place along different lines. 


a 
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First of all the | configuration may be deduced from properties 
that are to be antieipated in consequence of the reciprocal influence 
of the groups in the molecule; this is the surest way, if enough 
(eritically examined) data for comparison be available. 

Among these properties are: dissoeiation constants of acids, for- 
mation of anhydride, resolution into optical antipodes, etc. 

The formation of complex compounds is to be included in so far as the valencies, 
which are the bearers of cis-trans isomerism, are not attacked. 

This is seldom easily established, since the structure of complex compounds is 
uncertain. Probably we are authorized to use this method in Judging the eis-trans 
isomerism of cyclic glycols by the influence on the conduclivity of borie acid, 

| because the boric acid-radiele is united to the oxygen atoms 

A) x and not to the carbon atoms, which determine the isomerism. 

| -BOH It is doubtful if it may be applied to eis-trans non-saturated 

— 6-0: . acids; if the formation of complex metallie compounds must 

| be represented by the following formula: 


H 
H—C-R HO—C—R 
) +.Hg0° = | 
H—C--C0O0H H—C—CO 
He I 
or anyhow, if it is to be supposed that the double bond is attacked, we can rely 
upon this method as little as on all others, by which the bearers of the isomerism 


are affected (see below). 


Now the contrast between thetwo groupings H and COOH, which 
are bound to the very simple skeleton of maleie and fumariec acid, 
is exceptional; besides, the two carboxyl groups may enhance each 
other’s acidity or react with one another under anhydride formation. 
Also a mutual repulsion of the COOH groups is to be anticipated,, 
from which could be deduced that fumarie acid is more stable than 
maleic acid. S 

The particularly simple structure of these acids, by which the 
carboxyl groups take the leading position, has rendered tlıe above- 
mentioned eonsiderations so successful in determining the configurations. 

As soon as this reeiprocal influence fails or the structure becomes 
much less simple, we have no longer any certainty. 

We will examine «a- and iso-crotonie acid in this respect: 

1. The dissociation constants are: «-crotonie acid 2.10°. 

1S0- RE za 

By comparing propionie with acetie acid it could be deduced that 

a. methyl group weakens the acidity, so that in a-erotonie acid the 


_methyl group must lie on the. same side as the acid group; in fact 


acrylice acid (k=5,6.10-5) is dissociated in a higher En tban 


Proceedings Royal Acad. Amsterdam. Vol. XXI. 


82 


both erotonie acids, and dimethyl-acrylie acdılE4r 105, according 
to preliminary determinations of Mr. P. E. VERKADE, Dissertation 
Delft 1915, 2»d Note, p. 66) is weaker still. Also eitraconie acid Is 
much weaker than maleie acid. 

Still one ought to be cautious, for 1so-butyric acid is somewhat 
stronger than propionie acid (1.44 to 1,31. 10—) and the dimethyl 
suceinie acids are much stronger than suceinie acid (1,9 and 1,3 to 
0,6210: 

2. Formation of an anhydride is not possible and therefore cannot 
help us. | 

3. Formation of complex compounds: BırLmann has shown that 
maleie, eitraconie and allo-einnamie acid form salts wıth mercurie 
acetate, which are soluble in sodium hydroxide, and from which the 
original acids could not be regenerated by elimination of mercury; 
in this case ß-hydroxy-acids were formed and in consequence B. 
surmises that the salts were complex mercury salts of these hydroxy- 
acids, which are formed thus; 


H-C>0008 eo ern 
| _ | 
H-C-CO0OH H 6000 
IR 
Hg 


In the same way a«a-crotonie acid remained in solution in the form 
of a complex mercury salt, which could be preeipitated with alcohol. 
From this salt #-hydroxy-butyrie acid was obtained; in consequence 
one deduces from this too the eis-configuration for ordinary erotonie 
acid with the higher melting point. 

In order to corroborate this result we have subjected 2so-crotonie 
acid to the same operation and obtained an insoluble basic mereury 
salt, which, after decomposition by means of H,S furnished a mixture 
of ?so- and «a-crotonie acid. 

It may be mentioned in passing, that x-crotonie acid must have been formed 
during the elimination of mercury, for this acid — so far as it originally was 


present in the iso-crotonie acid — was kept in solution as a complex salt and 
because H,S does not, or at least extremely .slowly, change free iso-crotonic acid 


into «-crotonice acid. 

The coineidence of the conelusions from the dissociation constants 
and from the researches of BııLmann gives some certainty to the 
configuration of the crotonie acids. It follows that the formula of 
these complex compounds is probably different from the one that 
has been proposed by Bınmann. However, this method of diseernment 
is valid exelusively for aß-non-saturated acids; other ethylene deri- 
vatives, among which are the esters of isomerie acids, cannot be 
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distinguished in this way, because they all seem to form complex 
compounds with basic merceury salts?). 

From the dissociation constants of angelic and tiglic acid we can 
at the very best suspeect that in the first acid a hydrogen atom is 
situated on the side of the COOH group, in the other one of the 
methyl groups. | 

The contigurations adopted here are supported by the consideration 
that the most stable acid will be the one in which the relatively 
positive group is situated as near as possible to the COOH group. 


z-coofl Fe \ CH;—C—H H—C—CH, CH3—C—H H—C—CH; 
{ | Il | || 
COOH H—C-COOH | H—C—COOH H—C-COOH | CHz—C—COOH CHL-& COOH 
eic acid fumaric acid iso crotonic acid z-crotonic acid | angelic acid tiglic acid 
anhydride no anhydride | _ — _ — 
E2 x 10-2 9.3x19=4 8,6% 105 2.0 X 10-5 BROS 103 
ex Hg. salt + 0 0 En — — 
stable stable stable 


About oleie and elaidie acid there is utter uncertainty, because 
the dissociation constants are not known; it can only be suspected 
that in the more stable elaidie acid the relatively positive carbon 
chain is likely to lie on the side of the carboxyl group. 


With eyelie eis-trans isomers the importance of eis-trans situated 
radicles in relation to the ring becomes less as the last widens. 
[The conception of von Barrer that the angle between the direc- 
tions of the affiınities of trans-situated radicles decreases as the ring 
widens, is not incorrect; only von Bazrer deduces this decrease 
from sterical considerations and then it cannot be so very important]; 
this consideration lessens the certainty of our conelusions about the 
configuration still more. But now here we meet with the very happy 
eircumstance, that the trans-compounds frequently are asymmetrical 
and therefore can be resolved into optical antipodes. 

If this argument is annulled, as in the case of the hexahydro- 
terephtalic acids, which are both symmetrical, or if a resolution into 
optical antipodes has not been tried, there is no certainty at all. 
This may be backed by the following table: (See following page). 

We see that the formation of anhydrides, the most important 
‚argument with maleie acid, has all but lost its significance in the 
case of the cyelohexane derivatives, as both 1-2-diearboxylie acids 
and neither of the 1-4-acids form an anhydride. 


ı) B. 33 1340, 1641, 2692, (1900); 34 1385, 2906 (1901); 35 2571 (190%); 43 
568 (1910). 
| Ai 


‚" 


de 


| k Anhydride | Resolvable 
wı | = 
cis-cyclopropane-dicarboxylic acid 1.2 44 10% 4 | nn 
trans n a Ba u - 
cis-cyclobutane-dicarboxylic acid 12160602 g= DR investi- 
trans . 12128. 105 - \ gated 
cis-cyclopentane-dicarboxylic acid 1.2 1.983103 _ ) 
trans A „ 12|12 X10- = an 
cis ” BE. E60 | E= = 
trans es „ 13/50 % 2 _ 
cis-cyclohexane-dicarboxylic acid 1.2 | 44 X 1055 | B= 
trans ” „. 12100 10-5. $ | I | 
= 2 ae ! not 13 | ee investi- 
trans e a So \determined m: | gated 
? cis N nu. 1413. x 10 87 | en. 
? trans AN „. 14/46 xX10-5 | - | metrical 


This is the more true of the dissociation constants, whereof the 
differences in the case of the eyelopentane-diearboxylie acids are 
small already, but leastways such that from the acid with the 
greater constant an anhydride is known. 

About the eyelohexane-dicarboxylie acids in (his respect we grope 
in the dark. The 1-2-acid, which has been resolved into optical antipodes 
and accordingly is undoubtedly the trans acid, is stronger than the 
cis ‚acid; both acids easily form an anhydride. If in this case it 
should have been unknown which acid is resolvable, we should 
probably have come to a wrong conclusion. 

With the 1-4-dicarboxylic acids, the elassical case of eyelie eis- 
trans isomerism, there is no certainty at all; the one with the highest 
melting point, which von Baryer has denominated trans, has the highest 
dissociation constant and therefore one should perhaps call it the 
eis acid. As it as. little forms an anhydride as the isomer and neither 
can be resolved into optical antipodes, the only remaining argument 
in favour of the current conception is the greater stability; an 
argument that should be termed weak, considering the slight Dun 
and the high melting point. 

Still the case is not entirely hopeless; after having diseussed the 
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chemical methods that can serve to determine the configuration, ‘we. 
will demonstrate that here too there is a way out. 

It is evident that, if less characteristie radieles are bound to the 
nucleus, as in the cyclohexanediols-1-4 or the hexahydro-toluilie 
acids, with which no discernment by resolution into optical antipodes 
is feasible, it seems impossible to determine the configuration. 

Here the difference which appears in the formation of complex 
compounds, for instance of ‘the diols with borie acid, has proved 
promising; this has been evidenced by the configuration determination 
of some sugars, but on that point we will not expatiate here. 


3. Secondly the configuration may be deduced from what happens 
if the double bond is saturated; the so formed compounds are diffe- 
rent as they originate from the eis or from the trans isomer. 

The configuration may also be inferred from the way of formation, 
either from saturated compounds by elimination of parts of the 
molecule, or from acetylene derivatives by partial saturation, or by 
substitution of groups in compounds, of wbich the configuration 
is known. 

The last mentioned modes of determination, by which the bonds 
between the atoms are vigorously attacked, have often caused con- 
fusion, by which their trustworthiness has been impaired. When 
applied to fumaric and maleic acid, they at first seemed to answer 
excellently; we can still assert with satisfaction that fumarie acid 
is changed by KMnO, into racemie acid and maleic acid into meso- 
tartaric acid. 

Only, the brilliant researches of Wisnicenus about the bromination 
of both acids, followed by elimination of one molecule of HBr, by 
which fumaric acid furnishes first racemie dibromo-suceinic acid and 
then bromo-maleie acid, and maleic acid first meso (t?so-)dibromo- 
suceinie acid and then bromo-fumarie acid, have turned out to be 
correct only as far as the final products are concerned. 

McKenzie!) and Bror HormBere*’) namely have demonstrated 
that iso-dibromo-suceinie acid with the lower m.p. can be resolved 
into optical antipodes and this entirely overthrows the deduction. 

As well at the addition of bromine to both acids, as at the elimi- 
nation of HBr, exactly the reverse occurs from what we could expect, 
and this inversion appears to be rather common. 

By the action of PCI, on aceto-acetic acid two isomerie ß-chloro- 


1) Proc. Chem. Soc. 1911, 150. 
2) Journ. pr. ch. 84 145 (1911). 
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erotonie acids are formed, one of which is volatile with steam. 
This one has a dissociation constant — 9,5.10°; the other acid 
has k =14,4.10-5. From this it may be concluded with some 
certainty, that in the first mentioned acid the chlorine atom lies 
farther from the COOH group than in the other. Now the relatively. 
weaker acid on reduction furnishes the relatively stronger ?so-crotonice 
acid; on the other hand the relatively stronger B-chloro-erotonic 
acid gives rise to the relatively weaker «-crotonic acid; in both 
cases an inversion must have occurred and we come to the conelu- 
sion, as well as in the series maleie acid — iso-dibromo-suceinie 
acid > bromo-fumaric acid, that an inversion has taken place at the 
attack of the valency, which governs the configuration. 

By catalytie hydrogenation only of phenylpropiolic acid in the 
presence of colloidal platinum 80°/, of the theoretically possible 
amount of allo-cinnamie acid was formed; on the other hand, 
by the action of zine dust and acetic acid, resp. alcohol, ordinary - 
cinnamie acid was almost exelusively obtained '). As the catalytie 
hydrogenation of acetylene compounds appeared to warrant some 
certainty, we applied it to tetrolie acid, which ought to give chiefly 
a-crotonie acid. 

However during a microchemical investigation, which was executed 
some years ago with the collaboration of Miss O. B. van DER WEIDE, 
e-crotonic acid could not be found among the reduction products of 
the sodium salt of tetrolie acid. 

By hydrogenation of the free acid under the influence of palladium- 
sol, erotonie and 2so-crotonie acid are formed in the proportion of2:1. 

We.see, therefore, that no more than with the reduction of phenyl- 
propiolie acid, this chemical method is capable of giving us sufficient 
certainty about the configuration. 


4. To cyelie eis-trans diols also this unsafe mode of determining 
the configuration is generally not applicable, because the eorrespondent 
saturated diols cannot be obtained. 

The hydro-aromatie glycols form an exception, as they can be 
obtained from aromatic diphenols, which may be considered as cis 
diols. Of course this case is not quite to be compared to the hydrogen- 
ation of acetylene compounds; it isknown with rather great certainty 
that the OH groups of the phenols are situated in the plane of the 
benzene nucleus; on the other hand it is to be supposed, considering 


ss 
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the number of isomers, that in acetylene derivatives the substituents 
lie in a line with the carbon atoms of the acetylene skeleton. 

The researches in this field, viz. the catalytie hydrogenation of 
diphenols with the aid of nickel, show, that a mixture of the eyclo- 
hexanediols is formed; a reduction under the influence of platinum 
or palladium at a low temperature apparently has not been executed yet. 

Now there are general syntheses of these diols, viz. from the non- 
saturated eyclic hydrocarbons, either by direet oxidation by KMnO, 
or via the oxides; we have made use of them to prepare the hydrindene- 
diols. According to current ideas the eis diol should be formed 
excelusively by this reaction '!): 


OH 
H 
0 oO 
== 
H 
A 
Fig. 1. 


Indene oxide was hydrated a8 mildly as possible, that is to say 
at the ordinary temperature in aqueons solution with a very little 
acetice acid, and still we could isolate a considerable proportion of 
the trans isomer too. At this hydration likewise a valency ofone of 
the carbon atoms that determine ihe configuration, is violated and 
a partial inversion takes place. 

In judging the eis-trans isomerism in this case, the determination 
of the acidity is left out for the present, as the methods of investi- 
gation are not sensitive enough. The forming of an anhydride too 
cannot yield a good result here, because the bearers of the stereo- 
isomerism are brought into play, which is not the case with the 
formation of anhydrides of acids, as of maleie or cumarie acid. 

Here are only left 1. the resolution into optical antipodes, but 
this will not be easy and has never been successfully accomplished ; 
2%. the formation of complex compounds, which has proved effectual 
with the sugars, as we came to know by it the configurations of 
a- and ß-glucose, of «- and P-fructose and of «- and P-galactose. In 
the case under consideration too the last method has been to the 
purpose; the isomer melting 'at the lower temperature namely, 
increased the conductivity of borie acid, on the other hand the 
isomer with the higher melting point diminished it in some degree, 


1) Versl. Kon. Akad. v. Wet 26, 1272 (1918). 
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and from this the eis configuration eould be deduced for the first 
mentioned diol. If this method had not come to the rescue, the case 
would have been almost hopeless, because a resolution into optical 
antipodes cannot enlighten us: 


OH 


For it is evident that both isomers are asymmetrical and therefore 
can be resolved into optical antipodes. 


It has been our intention to draw attention to the fact, that as 
soon as valencies are attacked of atoms which determine the stereo- 
isomerism, the arrangement of the groups runs a risk of being 
changed. Of course the phenomenon going by the name of WALDEN’s 
inversion ought also to be included here. In many cases the possible 
isomers are both formed and very often prineipally the one, which 
‚we should not expect. 

This will not occur only with reactions as have been mentioned, 
by which stereoisomers are formed; in consequence of the formation 
of stereoisomerie substances, which can distinetly be discerned, the 
phenomenon was observed here as well as with the inversion of 
Warpen. But it stands to reason that it is of a general character 
and that we may compose the rule: 


During a chemical reaction, by which atoms are added, eliminated or substi- 
tuted, there is always a chance that the arrangement is changed of the 
valencies of the atom or of the atoms, at which the reaction takes place. 


It deserves further consideration to establish whether the arrangement 
around adjacent atoms or around remote atoms is disturbed, when 
such a change oceurs with the valencies of some atom. 

This is not probable fortunately, as it would highly aggravate 
our task to determine the configuration of compounds, for every 
relation between optically active substances would fail. Besides the 
formation of anhydrides of maleie or eitraconice acid would be worthless 
and the differences, that may be observed in the influence of. compounds 
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on the eonductivity of boric acid, would lose all significance for the 
determination of the configuration. 

Therefore, if this improbability be excluded and if we assume that 
an attack of the valencies somewhere in the molecule leaves unaltered 
the arrangement around the atoms, which are not immediately 
concerned, then we shall be able to obtain a solution in some 
apparently hopeless cases. 

We have seen that with the two isomerie hexahydro-terephtalic 
acids a comparison of the dissoeiation constants does not answer 
the purpose; neither is resolvable into optical antipodes and besides 
from neither an anhydride could be obtained. 

Of the A’-tetrahydro-terephtalie acids (see accompanying diagrams) 


HA COOH COOoHM COOH 


COOH H A AH 


Fig. 2. 


the trans acid should be resolvable into optical isomerides and it is there- 
by to be distinguished from the cis acid, which cannot be resolved. 

Now it should oe possible to change these acids into the corre- 
spondent hexahydro-terephtalie acids by catalytice reduction, without 
altering the arrangement of the carboxyl groups and therefore the 
configuration of the last mentioned acids may be definitively established. 

A case bearing an essential relation to this one, is: i 

Benzoquinone furnishes maleie acid by careful oxidation; from 
this we may conclude with rather great certainty, that this acid 
has the cis configuration, as this arrangement is contained in the 
quinone molecule and because at the elimination of the —CH = ÜH- 
group, the bonds that bear the isomerism, are not interfered with; 
if in the case of maleie and fumarie acid we were as badly equipped 
as with the hexahydro-terephtalie acids, then this mode of formation 
would have been of preponderant importance for the determination 
of the configuration. 


Chemistry. — “The Addition of Hydrogenbromide to Allylbromide”. 
By Prof. A. F. Horneman and B. F. H. J. Martues. 


(Communicated in the meeting of May 25, 1918). 


In the many cases that in my laboratory I had trimethylene- 
bromide prepared by the introduction of HBr gas into allyl-bromide, 
I was struck with the fact that now an almost quantitative yield 
was obtained, now a much smaller yield, without our being able to 
indicate the cause of this varying yield. When now my assistant, 
Mr. pen Horvander, had obtained almost exclusively trimethylene- 
bromide in this addition in a very brightly lighted room, whereas 
a few years ago Mr. Wuvıtz observed by the side of it considerable 
quantities of a product that boiled at a lower temperature (propylene 
bromide) in the ordinary work-room, the supposition suggested itself 
that daylight exerts an influence on this. Mr. MAarrnzs undertook to 
inquire more closely into this matter. 

For this purpose a quantity of allyl-bromide was divided into two 
equal parts; one part was poured into an ordinary bottle, the other 
in a bottle that had been perfectly blackened on the outside with 
laequer. The liquid in the ordinary bottle was exposed as much as 
possible to the sunlight during and after the introduction of HBr. 
Every time that no HBr was absorbed any more, it was closed, and 
left to itself till the next day. After some days no further HBr was 
absorbed. The blackened bottle was treated in the same way. The 
absorption of HBr took place a great deal more slowly here, so that 
the process had to be continued for some weeks, before complete 
saturation had been attained. 

When the contents of the two bottles was afterwards subjected to 
distillation, the preparation from the ordinary bottle almost entirely 
went over at constant temperature and at the boiling point of 
trimethylene bromide. After distillation in vacuum its boiling point 
amounted to 167°.1 for 760 mm. 

The contents of the other bottle, on the other hand, presented a 
very considerable boiling range, viz. from 100—190°. On fraetionated 
distillation a fraction of about 7 gr., guing over between 140°— 150°, 
was obtained, while between 155° and 165° a fraction of 9 gr. 
went over. The former had about the specific gravity of propylene 
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bromide, viz. 1.9959 at 23°.2; the latter had the spec. gr. of 
trimethylene bromide, viz. 1.9801 at 23°.2. Between 100° and 105° 
a few drops had also been distilled, which were stil] unchanged 
allyl-bromide, as appeared from this boiling point. Hence the 
conclusion is that on addition of HBr to allyl-bromide in bright 
daylight trimethylene bromide is almost exclusively formed; in the 
dark, beside this compound as. chief product, also pretty much 
propylene bromide. 


Amsterdam, May 1918. Org. Chem. Lab. of the University. 


Physics. — “The variability with time of the distributions of Emulsion- 
particles”. By Prof. L. 5. ORNSTEIN. (Communicated by Prof. 
H. A. LoRrENTZ2). 


(Communicated in the meeting of March 31, 1917). 


SmonucHowskı discussed this problem in different papers and 
gave a complete survey of his work in three lectures ad Göttingen. ') 

He deduced a formula for the average change of the number of 
partieles in an element, which at the moment zero contains n particles. 
This formula is: 


Anl) P, x» 2 vo EEE 


where P is the probability that a particle which lies in the element 
at the time zero, may have come outside in the moment 1; whilst 
v is the number .of particles which at a homogeneous distribution 
over the whole volume would come to lie in the element in con- 
sideration. 

Also for the average square with a given number of particles 
n at the time zero SMOLUCHOWSKI gives a formula, viz. 


Aula —vj tn] Piwısr Ten 
from which follows — if the average also is determined according 
ton — 

N—2vP. 

These relations are deduced by SmoLuchowskı with the help of 
caleulations of probability, which “nach Ausführung recht kom- 
plizierter Summationen (yield) merkwürdigerweise das einfache 
Resultat”. 

It goes without sayiug, that it must be possible to attain such 
a simple result also by a less complicated method. That this is indeed 
the case I want to demonstrate in this paper. At the same time it 
will be possible to give some extension to the result. 

1. Let us think the space divided into a great number of 
equal elements, which we shall mark by the indiees 1..x.. k. 
Let there be at a given moment =0n..%..Nn% particles in 


') C£. Phys. Zeitschr. 1916, p. 557 and also Phys. Zeitschrift VI. 1915. 9.323. 
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these elements. After a time 7 has passed these numbers have become 
changed. Let pı. then represent the chance that a particle which 
at the time /=0 is in the element 1, is found at the time Z in 
the element x, and let p,ı represent the probability of the reversed 
transition. Then, if there is no predilection for any direction in. the 


movement of the particles, it goes without saying that p1. = P,ı 
i=k A 
Further 29, = P if the sum is taken according to all values 2 


si 
except <=, for the sum represents the probability that the particle 
has come after the time ? in one of the k—1 other elements, i.e. 
outside the element x. 

If an element 2 contains n, partieles the number of partieles 
having passed from % to x in a given case will be A;,. I shall now 
calceulate first the average values of A, A’, and A, A... The 
number of cases where A;, has the value s and thus my —s partieles 
have remained in the element, amounts to: 

n,! 2 er 
ae ae U en 129) Din aan 2 Ei 5 (3) 
as is easily seen; to determine the three average-values this expres- 
sion must be multiplied by s resp. s’ and summed from zero to n;. 
Then after quite an elementary caleulation of these finite sums, we 
find 


EP RR 3) 
and 
Au =pu N a Ep he ee na 

To determine the average of a double product we need only replace 
(3) A by u and s by { (where ? represent the number of emitted 
particles in a definite case). 

If the result obtained in this way is multiplied by (3) and summed 
with respeet to » from O0 to n, and with respect to t from Oton,, 
we find 

Ax Ay = Pix Pax 2 Au» ee TO) 

With the help of the relations (4), (5) and (6) SmonucHowskl’s 
formulae can now immediately be deduced. The change „A,, i.e. 
the total change of the number of particles in the element x may 
be represented by 

ee (Nir +4A%...+Am — (Asa Belt) 
Now we can write A, for Ayı +... Av, I.e. the total number of 
particles that leaves the element in the time t. 
_ Then we must determine the average of (7) with constant n,, 
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while all possible values must be given to the number n,....n, ın 
the other elements. If now we first take the n,...n, constant and 


determine the average, we find 
dx pam nı # Par m P. 

If then we proceed to determine the average according ton, ...7 

and keep in mind that n,=...=n.=», we find 
iD, —=v(pr +... Por) m P=l—n)P. 
In order to find „A, we proceed in quite an analogous way, we 
bring (7) into the square. Then we find 
Mm Aut... tn 
+2AuAx +. 
— 24, (Aw +-..Ar)- 

If now we apply (5) and (6) and determine the average with 

given n,...nz, and n,, we find 
= (Mn? —n)pw + pr m +... +P(n’—n)+n.P 
+2nınmpupu + .- 
— 2nPl(pı.nı + :: Pix ne) - 

Here the average must be determined keeping constant n, with respect 
ton, etc. And we must bear in mind thatn ’=n,=...n?’—=»’+v'), 
that further n, =» and n,n, = »”. Consequently we find 

= HN) +... Pe‘) 
+2’ (pup +... ) 
u (pır” + Fr ) 
—2nvP +P(m’—n)+nP. 
The three first terms together yield P?»*. The result becomes thus 
a = |(n—)’ P—n’ Pi (n+v)P 
from which by determining the average according to n the relation 
N’=2v»P 
arises. 

2. The extension of the given formulae may be obtained to the 
case that the deviation of density in the various elements of volume 
are not independent, where however concerning the emission of the 
particles we must still presuppose independence of the events. 

In order to introduce the correlation of the densities I make use 
of the function g, which was defined by Dr. Zerxıkr and myself. °) 


) Wehe mn =ı+3,n=A +33 IR= 34, 


nm, = +) +)Eer HG +) + R= 
?) Chance deviations in density in the eritical point of a simple matter. These 
Proc. XVII, 1914. p. 582. 
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If d, is the deviation in density in a point a=0, y=(,z—=0 
then we get for the deviation of density d in a point By - 


Beer. Wesen (8) 
where dv is the element of volume. 
Further 
9, = gl, y, 2) ddr = LEE NON Mer 2l9) 


where g is the number of particles per unit of volume. 
We now have 


Ei. mRiarn dan P, 
Now n,=»v-+d, dv, if then we introduce (8) and consider 


> Ny 


‚we find 
® 


: 5 ; 5 v 
Pix as function of xyz, bearing in mind that d, — 


"RL. —=(v—n)}| P + [9 Pr dv! 


The influence of the second part may become considerable with 
a strong correlation. 


Also in determining „A?’, the correlation can be taken into con- 
sideration. Then in the first place we get the old terms, but moreover 


(9) yields still new terms in n,’, n, and nn, n, n,„. These terms are: 


2 v (w—n) fr Nr dv 
— —n) A| Pix 9 dv 


— 2 n P(v—n) jr I dv 


+.2 » (v. Pux Pu Ivı dvu. 


If then A®, is determined, only the last term remains and a part 
of the term before last, so that we get 


Lisa | Pix Pax Pu dv dvı 


u pmwen 


These eonsiderations may also be applied, as least approximately, 
to the changes, which accidental derivations in density undergo in 
result of diffusion. Our formulae show then that close to a critical 
point the deviations in density as a result of their correlation, are 
not only stronger on the average, but also more strongly changeable. 


Utrecht, March 1917. Institute for Theoretical Physics. 


Physics. - “On the Brownian Motion”. By Prof. L. S. ORNSTEIN. 
(Communicated by Prof. H. A. LoRrENTZ). 


(Gommunicated in the meeting of December 29, 1917.) 


Vos SmorLucHowskı!) observed that the function which gives the 
probability, that in the Brownian Motion a partiele accomplishes 
a definite way in a given time is a solution of the equation 
of diffusion. For cases in which an exferior force also acts on 
the particles, he deduced a. differential equation for tbe above- 
mentioned function of probability by a phenomenological method. 
Some time after Mr. H. ©. Burger ?) deduced this differential equation 
following a method, which takes the essence of the function of 
probability more into consideration. Both deductions do not stand 
in direet eonnection with the mechanism of the Brownian motion; 
my object in this paper is to demonstrate, that starting from a 
relation which Mrs. pz Haas— Lorentz?) has used in her dissertation, 
to determine the average square of the distance accomplished, one 
is able to determine the function of probability of the Brownian 
motion. It is worth observing that the way in which different averages 
* depend on the time may be calculated from the results obtained 
by Mrs. pr Haas— Lorentz by a slightly more careful transition of 
the limit than was necessary for the object she had put herself 
(viz. the determination of the stationary condition). First I want to 
determine these averages by a new method, which will offer the 
opportunity of demonstrating, that the opinion, from which Dr. A. 
SNETHLAGR*) starts in the theory of the Brownian motion that Eınsteıv’s 
theory is in confliet with statistical meebanies, is incorrect. 

Besides the function of probability for the distance I shall also 
deduce that for the velocity. The chain of thoughts which lead to 


!) Compare e.g. M. v. SmorvcHowskı. Drei Vorträge über Diffusion, Brown’sche 
Bewegung etc. Phys. Zeitschr. XVII p. 557 1916. 

2) H. C. Bureer, Over de theorie der BRown’sche beweging. Verslagen Kon. Ak. 
XXV p. 1482, 1917. 

3) Mrs. Dr. G. L. pm HaAs—LoRENTZ. Over de theorie der BrowN’sche be- 
weging, Diss. Leiden 1912, e 

*) Miss Dr. A. SyerHta@e, Moleculair-kinetische verschijnselen in gassen etc. 
Diss. Amst. 1917. 
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the results given below shows great similarity to the deduetions 
which Lord Rarneisa!) gave utterance to already years ago. Kindred 
ways of regarding the stationary condition are also found in the 
work of Dr. Foxker*) and M. Pranck A 

$ 1. In the dissertation Mrs. pw Haas--Lorkntz starts from the 
equation of motion for a emulsion particle, which she brings in 
the formula 

S du 


n Ar rt a ee er, (1) 


Here u is the velocity of the partiele, w—=6rua the resistance 
which according to Stores’ formula the spherical partiele (radius a) 
would experience in a liquid with internal coefficient of frietion u. 
The force expended by the shocks of the molecules is divided into 
two parts, of which one is that according to Srtokks, the second is 
quite irregular, so that #=0. The determination of the average is 
to be understood in this way that it is to be taken at a given 
moment for particles which all have had the same velocity u, a 
time before. 

Now we are able to integrate the equation (1), if we introduce 


w 
— —ß, we have 
m 
t 


wer +er (arg. SEE 2) 
0 
where u, is the veloeity at the time ?=0. 
If then we determine the average of this equation in the way 
indicated, the result is 
as a tt) 
or expressed in words: when we start from a great number of 
particles of given velocity, the average velocity decreases in the 
same way as with large spheres; the damping coeflicient also is 
deduced in the same way from radius and coeflicient of frietion 
of the fluid. Let us now calculate also the average of the square 
of the veloeity. For this we find: 


ı) Lord Rayveich, Phil. Mag. XXXII, p. 424. 1894. Papers III. Dynamical 


problems in illustration of the theory of gases. 
2) Dr. A. Forker, Over de Browx’sche beweging in het stralingsveld. Diss. 


Leiden, pg. 523, 1913. 
5) M. PLanck, Ueber einen Satz der Statistischen Dynamik u.s.w. Berl. Ber. 

p. 324. 1917. 

i N; 
Proceedings Royal Acad. Amsterdam. Vol. XXI. 
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(4) 


t 
43 2 u,” e23t “e e?2ßt f“ F () dt 
0 


In order to determine the integral in the second member we 
proceed in the following way. We write for it 


ee 
| fl: f F.& F (m) erst) dy d£, 
0.0 


Now F(SF(n) is only differing from zero if 7 and Sdiffer very 
slightly, i.e. there is for short periods a correlation of the forces F 
If we introduce „=5$-+ %, it is allowed to replace »] in the exponent 
by & and to split up the integral into a product of integrals according 
to & and w where we may integrate from — & to +». If then 
we assume 

1 BE 
JrOre+wa=» re tr 


u 
which is a constant characteristice of the problem and if we 
perform the integration towards &, then (4) is transformed after 
substitution into 

u (1-e-28t) 9 


ET 5 
u AL | 58 (5) 
When applying this equation for =», u" —= — and thus we get- 
m 
kT 
= — 2ßB 
m 


In the same way we are able to determine the average square 
of the distance accomplished. From (2) or by direct integration from 
(1) we get namely 


t 
u=- 4 [Fa 
0 


t 
Fr + fra 
0 


2 


(6) 


For the last integral we find in a quite analogous way 
» 


If we caleulate the first average with the help of (3) and (5) 
we obtain 


u I u ed re © 


3 


3 Braltets a 9 
B’s’ —u, (1—2eft 4 e=2pl) 4 33 (— 3 — e-?#t 4 de-Pl) 9. (7) 


Consequently for very long periods we find 

2k T% kT 

| ET S 
which is the well-known formula for the average distance in the 
Brownian motion. If we determine the average of (7) with reference 


Ion 


c h 


to all possible initial veloeities and if we consider that u, — Bi 
2 


’ 


we find for the average square of the distance accomplished as an 
arbitrary initial velocity : 
ee, 
tw Lee N Ta) 
As long as ßt is large in relation to 1—e-?! the formula of 
Einstein is thus the right one. For the cases, considered in experi- 
ments, the lowest limit for ? to be obtained in this way is of the 
order of 0.01 second. 


$ 2. On the basis of statistical mechanies objections have been 
raised by Prof. J. D. v. p. Waans Jr. and Miss A. SNETHLAGE !) {0 
the application of the division which has been applied to this case 
upon the example of Einstein and Horr in their treatment of another 
problem. . 
Starting from the supposition than in an “ensemble’”. 
Ku— 0 
where Ä is the active force, they work out another fundamental 
formula viz. (with a slight variation in notation) 
du 
= s 
TR Be BD ee a Ana „32.(9) 
where w has to been taken zero. We’ can again integrate this 


_ equation and obtain then 


t 


Bi 1 
u=u, 008 ot U „| ® seno(t—s)d . - (10) 
1% 
0 
If BE the RELPER we get: 


Be'u, Ra in ot 


The average velocity would in this way possess a definite period. 


If however we work out u’ we.arrive at an incompatibility. 


1) Cf. Versl. Kon. Ak. v. Wet. XXIV. 1916. p. 1272. 
7 
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Because for u’. we get 


Er 
2 


fr (E) sin ott—&)dS) - (11) 
0 


B w ER 
e=(w csot-+ unge) ne 
ß e 


For the integral, if again we make a double integral of it and 
if we introduce the constant ® 
+» 

9» = luavuityW)id. . ..2.. 112) 


we can write 
t 


a 6 
2 sin’ go (t — £) ars —— + periodical terms. 
g’ 20° 
0 


Thus we find 


az dt * 
“"—-— 4 periodical terms . . . . . (135) 
o 


This formula shows that u? increases indefinitely with the time, 
while it is evident according to statistieal mechanies that u* must 
Ich 

approach —. 
Mm 


Ar 


Consequently if the equation (9) is treated as a differential equation 
we arrive at results which are not right ''). 

$3. Miss Dr. SneTHLaGeE and Prof. Dr. J. v. D. WaaALs JR. have observed, 
that the theory of the Brownian motion must be in accordance with 
a general theorem of statistical mechanies. For the case that we 
consider a partiele, that under the influence of the impacts of the 
molecules of the liquid executes a movement, the force which the 
molecules exercise does not depend upon the veloeity, but only upon 
the coordinates. Consequently the product of force and veloeity must 
on the average be zero, as well in acanonical asin a mierocanonical 
as in a time ensemble. Now they are of opinion that Eınstkin’s 
formula comes into eonfliet with this. I shall demonstrate that this 
is only the case to a certain extent. 

lf we assume in a canonical (or miero-canonical ensemble) all 
systems selected in which the velocity of our particle at a point of 
time 0 is equivalent to «, and if then we follow this group of particles, 


l) An lesen. question is treated by M. Praxck (Ann. der Phys. 1912. Bd. 
37 p. 462) where it is demonstrated that the energy of a resonator subjected to 
‘ the irregular field of black radiation increases in Daun to the time; the f of 
PrancK agrees here with v. D. Wauus’ u. 
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we can work out an average of every arbitrary quantity for the 
group of systems which after a time £ has developed from the group 
considered at first. The value of the quantity considered varies for the 
different systems of our group (part ensemble\, because the systems 
where at {=0 the velocity of the partiele is u,, may still show 
eonsiderable differences, so that e.g. the impulses which the partiele 
gets will be widely different. I shall call this average the case-average 
with a given initial velocity. Moreover the veloeity u, may be varied 
and again the case-average may be worked out and then by making 
u, run through all possible values all systems are taken into con- 
sideration in determining the average at the time t. If now the 
case-average of a quantity g(u) for u, is gfu,) and if the number 


of systems of the group is N (w,) then — if N represents the total 
number of systems in the ensemble — the quantity 
= N (u)g (u) 
N 


is the case-average for the entire ensemble. 

However, as the ensemble is stationary the case average for a 
quantity is equal to the average of the corresponding quantity 
in the ensemble. If in particular y(w) for every u is equal to zero, 
the average in the ensemble is also zero. I shall now demonstrate 
that if we start from Einstein’s formula the case average of Ku 
for every initial velocity u, is zero, and from this it follows imme- 
diately that Einstein’s formula does not come into conjliet with the 
theory of the ensembles, more particularly that Kw—0, (—e 
means determining the average of an ensemble, which — is used every- 
where here for the case average). 

Eınstein’s equation comes into confliet with the theory of the 
ensembles if we select at 2—(0 a group of partieles with a given 
velocity u, from the ensemble. For if we determine the average of 


the equation it yields m = K= — wu, whilst according to the 
theory: of ensembles K is independent of the veloeity. If however 
we leave the selected group to itself and if we apply to its motion 
Eınstein’s equation which is not right in the first moment, it is 
-evident that in the long run the group moves in such a way that 
in the long run Eınstkin’s equation can be applied to it. Moreover 
from the group with partieles with a given veloeity ı, those systems. 
can be selected to which (1) applies. From what follows it becomes 
apparent that for this group in the long run the usual relations 


102 


with regard to the averages in a canonie ensemble become the 


right ones. & An 


du du 


Instead of Ku=0 we can also write m er u=o0 or er —=(. 
( 


If now we multiply the Einstein-Hopr equation by u and work out 
the case average, we gel 


ae HEN ur 
u 7 [ + 


Further we shall demonstrate that for sufficiently long periods 
the second member is identically zero. 


” ” 
For according to (5) we have got for the first terın — 33 Bor — ie We 


shall now determine the second average. For this purpose we multiply 
(2) by F and work out the average, and arrive at 


t 


uFr—=ue#F+te-F fe F (t) dt 


In this’ formula the first average in the second member is zero. 
To determine the second average we must consider that 7 for the 
integral refers to a definite time Z. And so only those parts of the 
integral where the argument differs only slightly from ? yield distributions 
to the average. In the exponent we can again take the argument 


equivalent to £, so that we can write Ne the second term 
t 


[Foren or rer De 
{—y 
Now this integral is just half of the integral of (4a), as it covers 
half the region of integration, whilst the integrand is of course 
symmetrically with regardsto &. 
And so in the end we find for the second member identically zero 
as the {wo averages first neutralize each other. If now we take (5) 
into consideration for shorter periods the second member becomes 


Feat — 5 e—2Rt 
23 
This result is ab obtained by differentiating (4) with respeet to 
the time. 


. du 
The case average of er, for finite times not large with reference 


l. 
to 3 is consequently not strietly zero. Now we can however determine 
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{he average according to the initial veloeity «, and so find the ensemble 


ur du 
average of u r% Then we obtain 


du ® ur WE 3 
— ee 2 — 
u 7 (" 25) er aßl — () 


2 —e 
a5 u, possesses the equipartition- value. Thus it is proved that also 
for short periods the average value of he case average does not 
come into confliet with statistical mechanies. 


4. I shall now deduce the law of frequention for distribution of 
velocity. If we integrate the equation (1) for a short time r, we can 
write for it 


u—-_u—=—Purtrz for u=u(—- P)+e. . (14 


where x = (Fu dt and © — %. 
0 


Now there is for © a law of frequention (x), so that 


+» +» +» 
fr (dal. [+ (x) de = 0 and fer@ de=dr. (15) 


lf now a particle starts with a given velocity u,, the number of 
particles, for which in the time { the velocity lies between u and 
u + du, may be represented by 
Fu, wet) du 
or shorter 
Fu, t) du 
Let us now consider the distribution of velocity at the time + tr 
and again fit our attention on the particles whose velocity lies 
between u and u du. These partieles have had at ?! a velocity 
u’ in such a way that 
ul - Pr) =u—w 
or 
ER N) Ba det a eu Er ne (16) 
whilst an interval dw — (1 + Br)du corresponds to the interval du). 
The number of partieles that is at tin dw and at {+ rin du 
consequently amounts to 
FW, t) p (x) da du‘ 


and thus we get 
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Iwt+T)du=(l+ Br) du | FW,)yla)de. - - (17) 


If now we work this out and retain the terms up to the first order 
in r and if we take (15) into consideration and if after division 
by z, we make r approach zero, we oblain 


sans ae: BR a: 
ot = ou in: a ) 

To the function of frequeney for the veloeity the extended equation 
of diffusion is thus applicable, where % plays the part of coefficient 
of diffusion. The equation is quite of the same form as that for the 
Brownian motion under the influence of a quasi-elastic force (— u 
or —s) (ef. also $ 4). If we apply (18) to determine the stationary 


condition we have 


0°f 
DW 4 ss 
from which follows | 
Es EUR 
nF a Fr du. 


This last term becomes infinite for u— ®, consequently the inte- 
gration constant must be taken c, —=0. 

For the law of distribution we thus find the MaxweırL division 
of velocity quite independent of the initial condition. Moreover 
RAYLEIGH has carefully investigated this question for his particular 
example. He has deduced a similar equation for a particle in a 


» 
highly rarefied gas, where only the constants Band = have another 


meaning (ef. loc. eit.). It goes without saying that if one starts 
from the equation of v. D. WAATS-SNETHLAGE, one arrives at the 
conclusion that the division after long periods is not that of MAxweLr, 
and that there does not even exist a stationary division of veloeity. 
And on this point also these investigators thus come into confliet 
with the statistical mechanies of Gisgs, which is the starting-point 
of their reasonings. 

It may further be observed that for a partiele beginning with a 
veloeity zero, as long as u is still small with respect: to the velocity 


of the partieles, which collide against it, we get as Rarızıcn has 
demonstrated 


BARS m, 
a 
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For the change in veloeity we get then at each impact according 
to RAYLEIGH ’ 
neue tg, 
where q is the relation of the masses of partieles and molecules, 
v the velocity of the.molecules. Now the problem treated by RayteicH 
in this way may be connected directly with the theory of the funetion 
of probability for the way in the Brownian motion. If we take the 
velocity marked as vector, ‘the terminal point is removed + w 
after every shock. The terminal point of the vector consequently 
executes a Brownian motion at least according to the scheme which 
is often given of it (cf. e.g. Mrs. pw Haas— Lorentz’ dissertation). It 
is certainly remarkable how Lord Rarıeien had already so long 
ago deduced these results, which came to the foreground only by 
SMOLUCHOWSKI’s work, which opened so many new views. 

It may have its advantages now it has become apparent that 
Eiınstein’s formula is the right one to say something further on the 
kinetic mechanism. Let us first direet our attention to a single shock 
of a particle of a great mass with a particle of a small one. If 
the velocity for the first is before the shock «, after the impact u, 
the velocity of the small particle v and the relation of the masses 


g, where we have as, then we get for every impact: 
u (4) Er. 
lf we assume then that again and again after a time ra collision 
takes place, then we have 


re ee 

T T T 
for every impact. We can only make a differential equation of this 
equation of differences by taking r infinitely small, if q is of the 
same order infinitely small and then we get 

du 
re Bu & Pr, 
where F may be written for ßv. Thus we see here by a (not 
very striet approach to the limit) Eınstein’s equation arise as it 
were. If now we do not go to the limit, but avail ourselves of the 
following graphic representation, its meaning becomes even more 
clearly visible. On one axis we measure ont the time (and to make 
things easier we take again equal intervals between the impacts), 
on the other the veloeity. Between two collisions the velocity is then 
constant, at an impact the velocity suddenly jumps to another value 
and this jump consists in every case in two paris; one part pro- 
portional to the velocity of the particle before the shock with which 
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the veloeity decreases and one part which may be either positive 
or negative (and in general may posses all sorts of values dependent 
upon the conditions of the impaects, which in the simple case investigated 
by Raruuen is # qv). The velocity-time eurveis thus a discontinuous 
eurve. If the veloeity has become large it has the tendency to 
become smaller by shocks owing to the first part, whilst the second 
part exercises no systematie influence in a contrary sense. If now 
we imagine a combination of curves drawn starting from a given 
velocity, Eınstein’s equation will represent for each of these dis- 
continnous curves the differential equation. At the same time if we 
'introduce the curve u— u,e-#! into the scheme, this line will atall 
times be an average of the discontinuous velocity time-curves in the 
diagram. 


$ 4. Finally I will deduce the function of probability for the 
Brownian motion under the influence of an external force. We 
take this force km, where % depends upon the place (s). 

The equation of motion for our particle is then the following 

du | 
ei a ee solo 
dt 

lf now a particle has in the time 2=0 a velocity u’, if in a 
time i—r the velocity has become « and a way s’ is accomplished, 
and if u and s represent these magnitudes in a time Z, we get 


t t 
u—u — — B(s—s') + | F dt + fü dt. 
te: er 


We now. consider the time so small that the way accomplished 
in that time is small enough to treat X in the last integral which 
depends upon s as a constant. 

We have thus 


t 
u—u = — P(s—s‘) + j# 1 ER EN Erle 3 (20) 
eg 


Now we want As—=s—s’ and As’. In order to determine these 
we apply (3), this yields 
u—u — u, e=#t (l—et#r) 
as we have to take the mean value of As for all possible values 
of u, the average of us being zero we get 


Bären Yu ke 


ERTTAE 7 
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and in the same way 
N RER RER | 
In order to arrive then at the differential equation for the funetion 
of frequency we reason again in the same way as before. Let 
F(s,5,t) represent the chance that a particle that at the time 0 has the 
coördinate s, possesses at the time ı the coördinate s (with margin 
ds) where we determine the average according to the initial veloeity. 
Now we follow the movement for a short time x and build the 
funetion of frequention at the time 2+r from that on time s. If 
‚As again represents the mean deviation during the time r, and 
(As) the function of frequency, we know for this deviation that 
we have 


fr Bs)ah =, ja g(As)dAs—kr and [(A4) r(As)dAs=d9t (22a) 
We then obtain 
Ies»t+r)ds = | ds’ / (s', TRONTES) WLEEe EN N20) 


where ’—=s — As. 
If now we take (20) into consideration we find for the connection 
of ds’ and ds 


Developing according to (23) up to the first order with respect 
to rt, we find 


| 0) Be 90° a 
Sorge DER Le N adr) 
If we introduce the value for 9 and ß we obtain 
of m. 0 m 0°f 
EEE, Eh 24 
ot 6.7 ua ds IR 6n ua? ds > 


This equation agrees with that of SmoLucHhowskı, if we take D 


7 


(coefficient of diffusion of the Brownian motion e ). The factor 


ua 


is the w of SmoLucHowskt i.e. the factor with which the force 


6rua 
mk must be multiplied in order to calculate the veloeity which in 
a stationary condition was caused by this force. 

By Disrk and his pupil Dr. Tummers') a differential equation for 


ı) Desye, Zur Theorie der anomalen Dispersion. Verh. Deutsch Phys. Ges. X, 


p- 790. 
J. Tunmers, Over electrische dubbelbreking, Diss. Utr. 1914. 
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the function of the frequention of the axes has been deduced for 
the case of molecules (partieles) which turn in a liquid, which is 
acted upon by an external couple and by a couple resulting from 
the molecular impäets. The deduction of the results obtained there 
follows immediately from our formulae.. We need only split up 
the couple exerted by the molecular movement into two parts, the 
one — oa (@ be the angular velocity of the particle) oe =8 rue’ 
(a radius of the partiele) and into a second part of which the average 
value (case average) is zero. For the motion of the axis we get then 
a 

where / is the moment of inertia of the particle. 

If we take en Br, — f', we get for u equation (1), from 


which appears that the function.of frequention can be deduced from 
a differential equation of the form (24a). 

Finally it may be observed that it offers no diffieulties to extend 
our considerations to the Brownian motion of coordinates in systems 
with an arbitrary number of degrees of freedom. 


Utrecht, Dee. 4917. Institute for Theoretical Physics. 
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Physics. 


“The Theory of the Brownian Motion and Statistical 
Mechanics”. By Prof. L. S. Ornsteın and Dr: F. Zuanıkn. 
(Communicated by, Prof. H. A. Loruntz). 


(Communicated in the meeting of January 26, 1918). 


Prof. J. D. v. od. Waaıs Jr. and Miss. Dr, A. Sneraracn have 
raised objections derived from statistical mechanies against the usnal 
deductions from Eınstein’s formula of the Brownian motion. These 
objections may be formulated as follows: 

Firstly: It is not right to introduce a resistance on an emulsion 
particle, which is proportional to the velocity of that partiele, as 
according to a well-known result of statistical mechanies velocities 
and forces are independent of each other, as is appearent from 

sel. Aalen 3, WRRRTT) 

Still more clearly this independence is visible, if one considers 
that the above equation is-not only applicable to the average over 
a canonical ensemble, but even for any group of systems from that 
ensemble for which the particle considered has a definite velocity », 


so that for such a group X =0. 

Secondly: It is not right to apply to this force of resistance the 
formula of Stokss, as it supposes that the liquid around the particle 
has a motion dependent upon the velocity of the particle. This comes 
into eonfliet with statistical mechanies, for these teach, that 


N RE 
where e.g. for v the velocity of tlıe particle, for v, that of a molecule 
(both e.g. in the .„-direcetion) in its neighbourhood may be taken. 
And so Miss SnernLaez bas assumed for the caleulation of the 
persistence of a partiele in the Brownian motion, that the surrounding 
molecules have the usual Maxwellian distribution of velocity. 

The authors mentioned have tried. to give a theory of the Brownian 
motion which -escapes these objections, by starting from (1). In what 
follows we want to show, that the equations (1) and (2) are much 
less far-reaching than it seems so that tbe objeetions to the usual 
theory may be considered to have fallen away, and on the other 
hand the reasoning given is proved not to be the right one. 

In order to deduce tbe differential equation, which she wants to 
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put in the place of the equation of Langsvin-Einstein, Miss SNETHLAGE 
differentiates equation (1) according to 1. This yields 
dK dv K’ 
2 Ba Re e Z 0 
dt dt M 


dK . 
From wbieh she rightly coneludes that not independent ofv. The 


nature of this dependence will be known, if for each value of v 


—v 


K 
one knows the average en F (v). Then there may be written for 
dt 


one system: 
dK 
ee Nr A. 2.0: 

where w is an accidental quantity which on the average is zero 
. v 

If we want to determine F(v)itisapparently necessary to consider 
the group of systems with a definite value of v. We shall further 
on indicate an average in such a “v-group”’, the same as above 
by —v, i.e. the average over the systems where in one definite 
moment v has a prescribed value, whilst the symbol — will indicate 
the average for the whole ensemble. As is proved by the following 
caleulation equation (3) in not -applicable, as (4) and (2), to every 
v-group in particular; and this Miss SnETHLAGE has left out of 
consideration. 

let X represent the force acting in the «-direction on the particle, 
v the velocity of this partiele in that direction. Equation (1) is then 
found for the canonical ensemble, when Ä does not depend upon 
the velocities, and is exelusively a function of the coordinates 
ERDE | 
Let gq, be the x coordinate of the particle, so that g, =v. Then 
we have 

dK 9K oK. oK. 
a 

and for the average at definite v 


AR IR OK 
| Fr er © 4 dg, 9 + etc, 
In order to reduce the last term we have made use of ihe well- 


known independence of the extension in velocity and configuration. 


These terms fall out because u = 0. The same independence 
has as its result that 
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IK OK 
og 0 
The last average is easily caleulated from Gipps’ formulae. 
“ok -— 
EV ou, re dqı... dan 
on &y a 


Integrating by parts the denominater yields 
2 


— IK — e O Ag, :.. dgn 


as the integrated part falls out («= « at the limits). 
Now 


de oK N: 
war K and therefore — = — — K? 
9 99, 9 
Considering that 9—= M v*, we obtain 
dK” v = 
a Ye NE 
dt M v’ 
‚And so F'(v) has been found; equation (4) becomes 
dK K® r 5a) 
— 2 — ZEN: 7 h 2 . . a 
dt M v* 


i.e. the very form given to this equation without further proof by 
v. D. Waans and Miss SnETHLAGE. (Miss SNETHLAGE equation 24, sees 
however the note of these Proe. 24, 1278 where a calculation 
remotely analogous to ours is found, without however our conelusions 
being drawn from it.) 


er oe LEN, 
dt dt Mv’ dt” M? v? 

has great inportance for the theory of canonical ensembles. If 
at a given moment one chooses a group of systems in which the 
suspended particle has a definite velocity-component *, then the 
formulae found are applicable to this group. Now one ought to 
consider, that, if one follows these systems in the time, the veloecity 
of the particles does not remain the same for all of them, but that 
different velocities are going to’ arise. Moreover our formulae indicate 
that, if we take the average velocity a very short time 
after the selection of the group, it has become smaller than v. By 
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substitution of the above results in a series of Tayıor we find namely:: 


2 K: 
[1 - Zr.) 
2 M’v?’ 


Now it is remarkable that, if we follow the systems back into 
the time, i.e. determine the average for a moment — r fora group 
where at t—=0 the velocity of the suspended particle is v, exactly 
the same formula can be applied. So that we get a reversible 
process and questions analogous to the problem of the tops of 
H curves solved by EHRENFEST arise. Our reasonings consequently also 
give in prineiple how the objeetions may be put aside, which ZERMELO 
has raised to the statistical mechanics of GiBBs (as well as to the 
moleeular theories of BoLTzmanNn concerning the A theorem '). 

The result obtained may shortly be formulated in this way: the 
properties of a group of systems, chosen so that in all of them the 
suspension-particle has a velocity v» — a v-group —, are dependent 
on ‘the time elapsed since the selection. 


—v 

We may also ask now after the change of v»K with the time for 

the v-group selected at the moment 2=0. From the preceding 
caleulation results that 


= en E 
Gr RESER d ar asK = 
a EN ee (1-2) Se 


dt dt dt M 
from which it follows that the relation 


a (7) 
which is the right one for the moment in weh the en was 
selected in the ensemble, is no? right when this group is followed 
further. 

It is true that the average for the last member of (6) for the 
ensemble is equal to zero, as is necessary with regard to the 
stationary character of the whole ensemble, which was already used 
in the deduction of (3). 

Consequently we should be very careful in interehanging differen- 
tiation and determination of the average. So equation (5) will only 
be right for the first moment ‘(just as (4)) and consequently also 


) One ought to bear well in mind that the series-development given here is 
only right for a short time after the selection of the v-group from the ensemble. 
If one follows the group during a long time then the systems of which it consists 
will have spread themselves over the whole phase-extension with the density that 
belongs to a canonical ensemble. 


For the importance of the Eınstein-Langevin formula for this process compare 


the paper of one of us (ORNSTEIN), (preceding paper). 


el UL 


u ee ee 
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(da), which accordingly must not be looked u 


pon as a differential 
equation, Or: if we do consider ( n 


5a) right for later moments, we 


do not get in connecti it i 
ve a ection with it w=(0, as it is made use of by 
We are able to refute the second objection, viz. that statistical 
mechanics should not allow that the fluid moves with the partiele 
in an analogous way. For this purpose we shall caleulate the 
derivatives of = 
am 
va se) 
where v' is the z-veloeity of an arbitrary molecule situated in the 
neighbourhood of the particle. 
We have 


® ® 2 I PrSRE 
Ed, _d, # a 
— = —v — ——y vs 
di dt PET TE 


N 
Pre ;| on 

as v’ as well as X’ are zero. Further 

L.d° Be dv dv’ etlidR 
ee De RT a Er 
di dt dt dt d® Md UM Med 
The average of the first term yields 


NDR? R I KK' 

m ur ar =un® ey — I TEN? 
and of the third term 

v (OK OK! Sr voK" v? KK v? KK' 

Er dd nm... = 7 MM 
so that 


IRRE NN 
de UV — yMm' 5) . . EI a . . (8) 


dv' 
——( 
dt 
v nen 
d’v' KK' 
uE Leil y 
de? MM'v? 


Now K is the sum of the forces in the «-direetion, which all 
other partieles exercise on the first, X’ the corresponding sum for 
the second particle. 

If we develop the product of these sums, we shall obtain the 


| average of the product of action and reaction that may be assumed 


8 
Proceedings Royal Acad. Amsterdam. Vol. XXI. 
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to preponderate, so that we may expect that KK’ is negative. The 
second derivative of 2” eonsequently has the same sign as v, i.e. the 
movement of the surrounding matter with the partiele, which does not 
exist at-the moment of selection, arises after a short time. According to 
(8) there is on the average no question of a movement of 
the surrounding partieles with the Brownian partiele in an ensemble, 


as may be expected. 


When we want to investigate statistically the qualities of a 
stationary system of molecules, we can make use of a statistically 
stationary ensemble and identify the qualities observed with the 
qualities of the most frequent system in this ensemble or with the 
corresponding averages. 

The system that we consider at an investigation of the Brownian 
motion — a liquid. with a particle suspended in it — is, it is true, not 
stationary, but all the same it changes only slowly: the moving 
particle changes its velocity only slightly by a great number of 
impaets. Öonsequently, in order to make use of ensembles for the 
study of the Brownian motion we must start from a “quasistationary” 
ensemble and deduce the qualities of the real Brownian motion 
from the properties of the most usual system in such an ensemble. 

The calculations given show, that the groups chosen with definite » 
from a canonical ensemble do not form such quasi-stationary ensembles. 
However it seems probable to us that such a group, when we follow 
it a short ‚time, will get to fulfill the requirements, though it will 
be diffieult to show this by direct caleulation. The v-group, which 
has become quasi-stationary at a later moment, would then correspond 
to the ensemble selected from the canonical ensemble, by selecting 
those systems in which the particle has already got the veloeity » 
during a short time. 

An indication with regard to the length of time required was found 
along another method by one of us in a former paper )). 

The above quoted statistic-mechanical objections to the application 
of the law of Stokzs thus probably have no justification for a real 
system, but only for the first moment of a v-group, i.e. at the very 
time when it cannot yet be made use of to represent the properties 
of a real system. 


Groningen. Utrecht, Institute for Theoretical Physics. 


!) L! S. ORNSTEIN. l.c. — This time must namely be of the order of the time 
during which there is a correlation between the irregular impulses, i. e. 
F(S)F($ + r) differs from zero. 


Bun ce — “The Scattering of Light by Irregular kefraction in the 
Sun”. By Prof. 7L. $. Ornsteın and Dr. F. ZERNIKR. 
(Communicated by Prof. W. H. Junsvs). 


(Gommunicated in the meeting of April 27, 1917). 


By the. investigation of Dr. J. SpisKrrBorR in his dissertation 
“Scattering of Light, and Distribution of Intensity over the Dise of 
the Sun”, the supposition of Junivs '), that besides the scattering by 
the action of the molecules also the scattering by irregular bending 
of rays owing to accidental gradients of the optical density must 
play a part in the origin of the distribution of light over the dise 
of the sun, has been corroborated. 

In this. paper it is our object to show, that a mathematical 
treatment of the problem of the scattering of light by curving of rays 
is possible. For it is possible to put up an integral-equation for this 
phenomenon and to transform this with suitable and plausible 
suppositions into a differential equation with boundary conditions. 

The problem treated here is the counterpart of the problem of 
molecular diffusion in a flat layer of gas, which was solved by 
SCHWARZSCHILD. The deduction of the integral equation resembles his 
train of thoughts, but in our case we have the advantage, that the 
peculiar nature of the problem allows that a differential equation 
can be deduced from it, which makes mathematical discussion so 
much easier. It seems to us, that the irregular reflection and the 
irregular double refraction may be treated in an analogous way, 
which is important for the theory of the extinetion of liquid erystals. 


In a medium, in which ‘accidental gradients of. the index of 
refraction arise, a ray of light will be curved in an irregular 
fashion. If a broad 'bundle of parallel rays runs through the medium, 
the different rays will be curved in different ways. And so, if the 
bundle is broad with regard to regions of a constant index of 
refraction, a bundle of initially parallel rays will be spread plume- 
shape. Now we fix our attention on the action of a volume-element 
on a ray, which goes in a given direction, and imagine that the 
nature of the irregularity of the index of refraction in the medium 


ı) W. H. Jurtus. Verslag Kon. Akad. v. Wet. 18, 195 (1909) and 22, 64—75 (1913). 
g* 
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is such, that after running through the element in question the 
diffusion of the rays has only taken place over a small cone. A 
charaeteristie difference with molecular scattering is, that with the 
scattering by refraction not a great part of. (he bundle goes on 
unimpeded and a small part spreads to all sides, but that the chief 
bundle itself gets continually broader. 

And so, expressed in mathematical terms: let us follow light of 
a given direction over a length /, then, if this bundle has an 
intensity of one per unit of square, the intensity of the light which 
is found in a cone of the opening do, of which the axis formed an 
angle « with the direction of inecidence, will be possible to be 
represented after running through ! by a function: 


la) dv or le) do 


By making use of a particular image the form of the function % 
may be determined. This form will be analogous to the law of errors; 
it is however unimportant for what follows. What is important is the 
supposition {hat the function y% possesses a perceptible value only 
for very small values of «. 

If we take the meaning of y into consideration, we see imme- 


diately that of course 
'E (e) dv —1 


where the integral, just as everywhere else in whatfollows, must be 
taken over the whole unity sphere. 

Now we shall deduce the integral equations for the intensity of 
radiation, Let /(@, 9,2, 9, ) represent the intensity of radiation in a 
point (@, y, 2), whilst the direction is given by the angle $ with the 
z-axis and %. If now we know the radiation in a point (x, Y,2), 
we ask this quantity in &a point that is situated / further in the 
direction of the ray d, ı. The coordinates of this point are: 


+10 ,„ y+lsndosp ,„ z+Iisndsinp 
And so the intensity of radiation may be represented by: 
Jle+los», y+lsindcsp,z+ Isndsinp,»,g). 
This intensity must now be equal to the intensity which by the 
bending of rays comes in the given direction. When 9 and w’ are 
the angles which determine a ray in », 9,2, then, if « represents 


the angle of this ray with the ray 9, ı, the intensity in the second 
point will ‚also be given by: 


iE («e) zZ (“, Yı2, ”, p') dw 


I wueEWwn 


ll 


a 


a u ee ee Seen 6 Me ee ee due tr it et ee Mei ee een. he 


117 
so that the required integral equation is: 


(= +loos 3...) =| (le) F(&, y, 2,9, p') dw. 


Now it is easy to transform this integral equation into a differential 
equation, if we bear in mind that x has only perceptible values for 
small values of «. We express by a the integration-element dw’ 
and the angle w, which_the plane through (9', g') and (9,) makes 
with that through (9) and the a-axis. So that the value of dw’ is: 

sin a. da dp = a da dıp 

For the difference of the angles 9% and #' and that of the angle 


p and @' we find going to the second order to « and after elementary 
reduction: 


: cot # sin? Y 
DI = —I——a 008 p + sin cos d Ap? — — acos yo? SEE 
sin | 
N — Er , 
een 


Now we can develop in the integral F, y, 2, 9, v') with respect to 
A9 and A and get in this way: 


Sy 2,9%) IX (e) dw’ + 


+ > I ay(e) da dp + 5 fau ay(e) dadp + 


299 1777 
a f fan ey(o)dadıp . 
2 Op? 


‚The first integral is equal to unity, the second yields 


= cot 9 (a Ale)dı, 


fe third is zero as well as the fifth, whilst the fourth and the 
seventh yield: 


n 
N ? (ee) de 
= [« A(a)d& and Er ss‘ 4(e) 


Now we can introduce the mean value of «’ according to 
a? — [a’y(a)do— TO dı 


And thus we obtain at length, — if we also combine the first 
term of the second member with the first member and develop 
according ‘to Z — for the differential equation of the diffusion of 
light by irregular refraction: 


3 0° 
Pr en ie f (A9)’ ay HR AI Apax(a) dadıy 
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of of cos df 0° | LR 

r c08 = — FE Dcosp + k sin» sin p = fr ERETTURTCMPOTEN 
For the case important in practice that f only depends on ® 

and 9 consequently: 

of 


93 0°f 
sin » cos Id — Ep =, Gr Be + sın AT ) Ah 


For this case the boundary conditions are, if we have at «—0 
a layer, which radiates according to the cosinus law and at da 
plane layer through which no inward-radiation takes place: 


ER for: N cos» > 0 
nl for: wu cs» <Nd. 
EI 9f 0 
For 9=0 and all values of «:f and 39 continuous, gr UN, 
9f 


EV, 
9% 


It is worth observing that the diffusion is determined by the 


cos9—]1 or— 1 


& . . 
quantity je i.e. the average square of diffusion per length- 


unity. This magnitude is speeific for the problem, does not depend 
upon the length, as a’ is doubled in doubling the length /. The 
magnitude is related to the nature of the irregularities. It is a 
constant which still may be different for different layers of the sun. 
The study of the distribution of intensity over the dise of the sun 
will be able to supply us with the knowledge of the average value. 
of the characteristic constant of the sun. 


Utrecht, April 1917. Institute for Theoretical Physies. 


!) For the two dimensional problem: 
07.20 
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Meteorology. — “On the diffraction of the light in the formation of 
halos. II. A research of the colours observed in halo-phenomena”. 
By Dr. 5. W.-Visser. (Communicated by Dr. J. P. van DR 
STOR). 


(Communicated in the meeting of June 29, 1918). 


In the first paper on the diffraetion of the light in the formation 
of halos') a survey of colours observed has been given on pag. 1175 
taken from “Thunderstorms, optical phenomena ete. in Holland”. 

Prof. Dr. E. van Everpingen however informed me, that these 
records are altogether insufficient because only a small number of 
colour observations are dealt with in “Thunderstorms”. On his 
suggestion 1 have studied a number of records sent in to the 
“Koninklijk Nederlandsch Meteorologisch Instituut’”. In the first place 
I hope to have set right a neßlect against the sincere voluntary 
observers of the Institute; in the second place this research gave 
valuable materials for ‘the answer to the question how far and in 
what manner the diffraction works in the formation of halos. 

In this paper a survey of the research is given; the results will 
be discussed and it will appear, that indeed the diffraction has an 
important influence on the refraetion of light in ice erystals. 


I started with all the colour records in the years 1913, ’14 and ’15. 
T'hen the research was extended to the years 1911, ’12 and ’13. 
In the first part I soon found, that great prudence was necessary. 
As an example I take the observations of “rainbow-colours’”. In 
the three years 1913—'15 I find “rainbow-colours” 12 times-recorded 
by 9 observers. There are however 7 who have never sent in 
another record during all this time. They were evidently led by 
suggestion and fancy more than by observation power. The personal 
‚character also comes to the front. Therefore it was resolved to make 
a very careful selection and only to use records of those observers 
known to the Institute as wholly reliable. In this manner the notes 
are studied of eleven observers, who are mentioned in this paper 
with the numbers I tot XI. | 


- 1) These Proceedings Vol. XIX. 
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Omitted were all incomplete observations and those about the 
moon. 550 Observations were at my disposal, divided over tlıe six 
years as follows: 

1910 221911 1912 1913 1914 1915 Total 

colour-reeords 125 (6) 107 (7) 114(7) 81(8) 66(8) 57(7) 550 
total 473 480 399 _ 283 325 377 2337 
IR 26 22 29 29 20 15 24 


In parenthesis is mentioned the number of observers. 

The row “total” gives the total number of records taken from 
“Thunderstorms’”. 

The fourth part of all the notes gives reliable records. 


31 Colours and colour-groups are mentioned, among which three 
very anomalous ones: blue IX; violet, red VIII ; red, violet, green V. 
In the first communication are mentioned') golden brown (red), 
yellow, green, violet (3 times by two observers); yellow, violet; 
golden brown, clear white, blue. 

All the colour observations (divided over the two cireles, the 
tangential arcs and the circumzenithie arc) are contained in the 
table I. (See table following page): 

In the table the personal character comes out strongly. 

144 observations of red by 10 observers (among which 115 of 
VII and IX), and 133 orange by 5 (among which 130 of V and 
X) where in most cases the same colour is meant, this clearly points 
to the personal estimation of this colour. The same is evident in 
the groups red-white and orange-white. 

The table II also gives an idea of this individual opinion. (See 
table II page 122). 

All the colour records of each observer, separately for the ordinary 
eircle, the parhelion and the tangential ares have been collected 
without further observations in this table. From this it appears, that 
the records of V, VII and X are limited to green (V has one 
observation of violet on a total number of 158). III also mentions 
blue, but never violet; VIII notes neither green nor blue, but 
in 22 records 12 times violet. 

This phenomenon however interesting from a physiological point 
of view, greatly diminishes the value of the records, but without 
‚doubt green and blue colour shades often oceur, as is further 
evident in the percentages of the separate colours in the following 
table (in which parhelion and tangential arc are taken together). 


I) l.c. p. 1330 seq. 


white 
red (brown) 
orange 


- yellow 


blue 

red, white (brown, white) 
orange, white 

yellow, white 

red, orange 


red, yellow (brown, yellow) 


red, green 

red, blue 

red, violet 

orange, yellow 
orange, green 

orange, violet 

violet, red 

red, orange, white 
red, yellow, white 
red, green, white 

red, orange, green 
red, orange, violet 
red, yellow, green 

red, yellow, blue 

red, yellow, violet 

red, green, blue 

red, blue, violet 

red, violet, green 

red, yellow, green, blue 
red, green, blue, violet 
rd., or., yl., gr., bl., vi. 


421 
TABLE I. 
circle 22 parhelion itang. arc. circle 46 ee total 
51 (8) 78) 1(1) — = 59 (8) 
119 (10) | 14.8) 9 (4) 2.(2) —  |114(10) ) 
' 123 (4) 7.(2) 3(l) e — 7186) 
15 (6) 4 (8) 1(1) = = 20 (6) 
ne a wre EU en 1) 
20 (6) 8.(1) 1() = _ 29 (6) 2) 
27 (1) 1) 1() = _ 29 (2) 
5 (2) & —_ ee = 5.(2) 
4 (1) — .. er = 4(1) 
10 (4) 2(1) 1(1) Bar A 13 (6) 3) 
22 (3) 9 (5) 5 (2) en 2(2) | 3865) 
10 (3) 2) 22)” 12141) —,. |, 159 
74) 2 (2) 1() 1() _ 112) 
1() = 2 = = (1) 
1() = = er = 1) 
= ur 2 a = 1() 
1() u EEE _ —_ 1(1)®) 
= 1() _ — — 1) 
az Se © 2 
I) | — En z = 10) 
1) | _— = 3 en 
= L() = — — (1) 
4 (3) 2 (2) 1() _ 4) , 189 
€) a EEE mn ua 
Beh. ld) 5 = z 22 
3@) * 3 (2) = = 62) 
2 eu 1(1) a = 1(1) 
4 11) = _ — 1(1) 
£ >& 2 (2) _ = 2(2) 
= En 1() = ze 1) 
1() 1() 1 (1) = 2(1) 5.(3) 6) 
436 65 36 5 8 590 


u [252 Zu 0 


1) Among which brown 10 (2). 


2) » ” 


3) ” ” 


brown, white 11 (3). 
brown, yellow 3 (1). 


4) 1911, April 12: “on the outside reddish, inside violet”. VII. — April 23 VIII 


records: “on the outside common red”. 
5) An observation of an arc of Lowitz by Hıssjnk 1910, Sept. 7 at Zutphen was 


neglected. 


6) Colours mentioned 2 times. 


“All colours” once 
“rainbow-colours” twice. 


122 


TABLE Il. 


Circle of 22° | Parhelion Bu | Tangential arc 
Tr Tal 
Iv|r|o y\g|db|v|w re y|eld\v wr|o|y a 
ee -- \- 1-1 
Te ar A BE 7; 1-1-| 3-|-)-| 4) — 

m! 2) 21] — 5[ 215) - | -\-|-[-| 31-[ 1) 3| 1)— 
vw -ı 1l-1-)-1-[-4-| 514] 3) 1 1) ak al et 
v|eıl 4a 8213 231-|-|- 61-1 61 2 5 | 1 
vi or) ‚| s1.alılal 2] 1] =] [len ee 
vir!'- 2301 ıl al al | 21] Sl 2) 212] Fo Tee 
vn! 2-13 ıı 2|-1-) 8] 1) 3) 8) 1, -|-| s]=| 1-11 
Ix| u 0| 1 Dee 1423 2a ı 2.2l2 s- 3|—| 1)- 
x| 3] | 2| 1-12) ı|6| 1) 11<)=|-|-| 3| 1) — | 
x ıl 7 4/1) 2)- Be Sr 51 2| a5, 

105/218 158 46 33 22 10 18 45|12 11a] 3] 7] 4|30| 5 sslın 4 


white red orange yellow green blue violet 
eircle 22° 19:92 996,3 26. W ES 5.6 3.8 a7. 
parhelion,tang.are11.9 40.8 92 10.3 141 7.6 6.1 

Surely the figures for violet are strongly flattered (21 observations 
of violet among which 12 of VIID. Without the records of VIII 
the percentages for violet are respectively about 0.3 and 3.8. 

Bvident is thegreat variety of colour of parhelion and tangential arc'). 

By adding red and orange, green, blue, and violet the personal 
influences may be destroyed to some extent. Then I find 


white red orange yellow green blue violet 

——— N To ee IT 
eircle 22° 17.9 63.2 7.8 114 
parh. tang. arc. 11.9 50.0 10.3 27.8 


Against a decrease of white and red we see an increase of the 
other colours. In more than '!/, of all eases colours are recorded 
approaching green and blue for the parhelion and the tangential ares. 


This also happens with one in nine ordinary eircles, where colours 
are made mention of. 


!) Without doubt in the first communication I have slightly misunderstood 


PERNTER: the predomination of fixed crystal positions must at all events be very 
important. 


u alien ie aa A 
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Some colours and groups oceur relatively often. 


DB loyı syellowswhite . 024... 20... i ; 

red, yellow; red, yellow, white. . . 2. 2... RE SE e nn 
red, green; red, blue; red, violet . . . . 64 i 8 £ 
red, yellow, green; red, yellow, blue; red, yellow, violet 22 \ 7 : 
a ea LE ee : 2 : 
as a a a i 3 : 


Green, blue and violet, to escape from personal influences, are 
again added. 

The yellow takes a peculiar place. Yellow eireles seem to occur. 
lt is clear, that the yellow is often missing between the red and 
the green, but on the other hand it is often met with. 

As regards the rainbow colours; 5 observations of 3 observers 
remain in Six years. 

Separate mention deserve the estimations of breadth by Hemmes at 
Arnheim in the ordinary eircle and the tangential arc. 


1911 Dec. 29 red 4° yellow 4° blue. 1° 
1912 Feb. 3 : 


March 3 SE ER PT? SRH > 

May 10 

March 8 „5... #° especially at the top also blue. 
1912, Jan.6 


red 4°, green 4° blue 4° 


1913 June 14 
A117 Dec“ 3° red} 4° yellow 4° green 4° 


blue 4. 


The faet that the breadth strongly varies also appears from the 
detailed tables on the eircumzenithie are by Besson '): 17 times on 
91 arcs. Besson measured the colours. The distance from red to violet 
varied from 14° to 3° (14°: 3 times; 2°: 6 ‘times; 23° twice; 3°: 
3 times). Three times blue and violet are wanting; among these is 
par arc, with which the breadth of the inside red to the green is 

. Besson notes: “tres large, tres brillant”. 

en variations “u: breadth are very important for the theory of 

diffraetion. 


Summing up I find as the results of the research after eliminating 
the individual influences: 

1. the pretty large wealth of colours, 

3. the variation of colours, 

3. the variation of breadth. 


1) Sur la Theorie des Halo’s. Paris 1909. p. 62. 
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These results are not expeeted by the simple theory of refraetion ; 
they demonstrate the action of diffraetion. It is these very properties 
which, for the rainbow, made the ordinary refraetion-theory insufficient. 

Evidently the conditions for the development of these phenomena 
of diffraetion are present rather frequently. With great certainty tbis 
research has established the conclusions drawn in the first paper. 
The observations however diffieult by the small power of the colours, 
which generally are to be taken as mixed colours, the records, 
however often delusive by personal influences suffieciently show, that 
in the formation of halos the diffraction plays an important part. 


SS 
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Mathematics. — “Nouvelle demonstration du theoreme de JoRDAN 


sur les courbes planes”. By Prof. Arnaup Dussor. (Commu- 
nicated by Prof. L. E. J. Brouwar) 


(Gommunicated in the meeting of June 29, 1918). 


Le th&oreme fondamental de Jorpan sur les courbes fermees peut 
g’enoncer ainsi: 

Si les points d’un ensemble T et ceux d’un cerele se correspondent 
reeiproquement et continument, chacun & chacun, ensemble DT divise 
le plan en deux regions. 

L’hypothese faite sur T caracterise une courbe de Jorpan. Je me 
propose dans cette Note «de donner une demonstration du th&eore&me 
ci-dessus Enonce. Je rappellerai d’abord certaines definitions et resul- 
tats connus. 

Nous caracterisons comme il suit les cötds positif et negatif 
en un point I d’une ligne HIK formee de deux segments de 
droite A/,IK, dont / est le seul point commun. Deerivons, dans 
le sens direct des rotations, un are eirculaire inferieur & 2, de 
centre /, ayant son origine sur /X et son extremite sur AI. Cet 
are borne, avec AI et IK, un sectenr de cercle w. Soit / un 
ensemble continu, tel que, & l’interieur d’un certain cercle c de 
centre / et de rayon inferieur & celu de w, L et HIK aient 
seulement / en commun. Nons dirons que, au voisinage de /, Z 
est situ& du cöte positif de la ligne H/K (ou du cöte negatif de la 
ligne XIH) si les points de Z interieurs A c et distinets de / sont 
tous dans w. 

Il est aise de voir que, si IK’ est du cöte positif de HIK, IK 
est du cötd negatif de HIK'. 

Si / est un point non extreme d’une ligne brisee 2 simple (c’est- 
ä-dire telle qu’ un point queleonque de la ligne n’appartient a deux 
cötes differents que si ce point est origine de l’un et extr&mite de 
l’autre), pour definir les cötes positif et negatif de A en /, nous 
considerons un secteur de cercle analogue A w, limite au cöte (ou aux 
deux eÖötes) de A contenant /, et ne rencontrant ancun autre cöte de 2. 

Soit P un polygone simple, defini avec son sens de parcours. On 
montre (voir Comptes Rendus de P Academie des Sciences de Paris, 
1911) que P divise le plan en deux regions (nous les appelons 
respeetivement positive et negative, et les designons par PihetiPe), 
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telles que tout continu joignant un de leurs points M au polygone 
P, atteint celui-ei du cöt& positif pour P+, du cöte negatif pour ars 
A et B 6tant deux points de P, la ligne brisde decrite en parcourant 
P selon son sens, de A ä Best l’arc direct A B de P. L’are retrograde 
AB est geometriquement identique A l’are direct B A,-mais les sens 
de parcours des deux arcs sont opposes. 

Pour demontrer le theoreme de M. Jorpan, nous utiliserons le 
lemme suivant: 

Si, en parcourant une. fois un polygone P dans un sens invariable, 
on rencontre successivement .les quatre points A, B, C, Dode ce 
polygone, et si (AC), (BD) sont deux continus joignant respeclivement 
Aü0, Ba D, et dont tous les points, sauf A, B, C, D, sont dans 
une meme region limitee par le polygone, ces deux continus ont au 
moms un point COMMUN. 

Supposons d’abord que (AC) soit une ligne brisee simple. On 
peut toujours choisir le sens positif de parcours de 7, de facon que 
la region de P contenant (4C) et (BD), sauf leurs extremites, 
soit Pt. 

Considerons alors le polygone rn: forme de l’are direct C’A de P, 
et de la ligne (AC) parcourue de A vers Ü. (AC) atteignant P en 
A et U du eöte positif, l’are direct AC de / s’ecarte de x du cöte 
negatif en A et CE. Done, D qui est sur cet arc est dans an. Mais, 
P et a ayant en commun l’are CA qui contient , les cötes positifs 
de P et de m au voisinage de B coineident. Done le continu (BD) 
est, au voisinage de B, dans nt. On en deduit que (BD) rencontre 
x en un point different de 3. Comme (BD) ne rencontre pas l’are 
CA, (BD) rencontre (AC). 

Supposons que ni (AC) ni (BD) ne soient des lignes brisees simples. 
Si ces continus n’ont pas de points communs, leur distance minimum 
est un nombre positif «. On remplace le continu (AC) par une ligne 
brisee simple 3 d’extremites A et (, situde, sauf pour ces deux 
points, dans P+ comme l’est (AC), et ayant tous ses points A-une 
distance de (AC) inferieure a «. D’apres la premiere partie de.la 
demonstralion, A rencontre (BD). Nous aboutissons done & une 
eontradietion. Done (AC) et (BD) se rencontrent dans tous les cas. 

Nous deduirons de ce lemme une proposition essentielle. 

Soit T' une courbe de Jorpan et () la circonference de cerele 
correspondant ponctuellement & T. Si un point deerit © dans le 
sens direet, nous dirons que le point homologue de T' deerit Tdans 
le ‚sens positif. On echange le sens positif de parcours de Ten 
transformant le cerele O en lui-m&me par une symetrie par rapport 
a un de ses diametres. Cela pos6, 
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en = D sont quatre points d’un polygone simple P, et 
‚ D, 0, D quatre pornts d’une courbe de JoRDan Tne rencontrant 
pas Pr, si (AA'), (BB'), (CC'), (DD') sont quatre continus deux A 
deux distinets contenant respectivement les points mis en evidence 
dans leurs designations et n’en ayant aucun autre de commun avec 
PM avee T, lordre des’gqüatre poinis A’; B', C', D' sur la courbe 
T, et. celu de A, B, C, D Sur P, Pune et Pautre parcourus dans 
le sens positif, sont identiques ou inverses. 

On voit sans peine qu’en öchangeant entre elles, s’il en est besoin, 
les denominations des couples associes A et A’, ete., et aussi 
en modifiant le sens positif de T, la proposition serait en defant 
dans le cas unique oü, A, B, C, D e&tant rencontres sur P dans 
leur ordre d’Enonciation, on rencontrerait sur T' successivement 4’, 
C’, B’, D’. Mais alors le continu (AC) forme de (44”), de (CC) 
et de l’are direct A’C’’ de T, ne rencontrerait pas le continu (BD) 
forme de (BB), de (DD) et de l’arc direct B’D’ de T. Or ces 
deux continus sont, & l’exception de leurs extremites A, B, 0, D 
un et l’autre dans la region de P contenant T. C.a.f.d. 

Rappelons maintenant que si l’on forme une subdivision du plan 
en carres egaux (y) par deux familles de droites respectivement 
paralleles a deux directions rectangulaires, et, si l’on considere les 
ensembles formes par les carres ne contenant, ni interieurement ni 
sur leur contour, nul point d’un continu Z, ces ensembles forment 
des domaines (r&union d’un continuum et de sa frontiere; un continuum 
est un ensemble connexe dont tous les points lui sont interieurs) 
dont chacun est limitö par un polygone simple appel& polygone 
d’approzimation de E, relatif au quadrillage (x). Le sens positif d’un 
tel polygone x sera defini par la condition que K soit dans a. 

Tout point 4 de x est situe& sur P’un (on sur deux) des cötes 
d’un (ou de deux ou de trois) carre y dont l’interieur appartient 
ä x et qui- contient, interieurement ou sur son contour, au moms 
un point de E. L’un de ces points-ci F’, est tel que la distance 
HH’ est minimum. Les points non extr&mes du segment 47’ sont 
situes dans m- et &trangers A E. D’ailleurs 7/H’ est au plus egal a 
la diagonale de y. 

Cela &tant, soient M et N deux points, distinets on non, appar- 
tenant A une m&me region limitde par T, et P, Q deux points de 
T tels que les segments M P,N@ aient en commun 1° avec T, 
uniquement les points respectifs P et (Q, 2° entre eux, eventuellement 
et seulement certains de leurs points extr&mes (done si M coincide 
avec N, P est distinet de Q et inversement). M et N peuvent &tre 
joints par une ligne simple A dont tous les points sont distinets de 
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Tr. $oit 4& un nombre inferieur & la distance de A ä T, et & la 
distance rectiligne P Q. e etant moindre que «a, considerons dans 
un quadrillage de cöte e le polygone # d’approximation de T), dont 
la rögion positive contient M et N. A partir de P et de Q, les 
segments PM, QN rencontrent = aux premiers points respectifs 
M, et N,. Soit 9 la plus grande des deux longueurs M,P et 
N, Q. % tend vers zero avec &. Si 9 + Ee<{e, sur chacun des arcs 
directs M,N,, N,M, de a, il existe des sommets, respectivement 
H, K, tels que les segments HH’, KK’ les joignant & leurs cor- 
respondants definis plus haut, ne coupent ni MP ni N, @Q. Alors, 
d’apres le lemme, H’ et K’ sont separes sur T par Pet par Q. 

Cela pose, & un sommet / de l’are direct M, N, de a, faisons 
correspondre P ou Q ou H’, selon que HH’ vencontre M, P ou 
M, Q, ou ni !’un ni l’autre de ces segments. Alors, a la suite des 
sommets de l’are M, N, correspond une suite de points de T, tels 
que la distance de chacun d’eux-au suivant est inferieure A 29 + 58. 
Tous ces points sont sur un m&me arc PQ de T, puisqu’ aucun 
d’eux n’est sur l’are PP Q contenant X’. 

De m&me, sur ce dernier are, nous pouvons former entre P et 
Q une chaine de points,‘ telle que la distance de chacun d’eux au 
suivant soit inferieure a 2% + 5e, chacun de ces points &tant d’ail- 
leurs distant de moins de 2s d’un sommet de =. Nous deduisons de 
lä les deux corollaires suivants: 

1° Toute region limitee par T' admet pour frontiere la totalite de T. 

Car la region contenant M et N admet pour frontiere chacun 
des deux arecs PQ de T. 

2° M et N etant dans une möme region.de T, P et Q etant sur T et les 
segments M P et N Q etant sans points non extrömes communs, ni avec T, 
ni entre euxw; quel que soit le nombre positif n, il est possible de trouwer 
deux lignes brisces 3,4' dont tous les points sont Etrangers & I et 
situes a une distance inferieure & m, respectivement de Parc direet 
PQ et de larc diret QP de T, les extremites de chacune des deux 
lignes 4,2’ etant, Tune sur MP, Vautre sur N Q. 

En partieulier, si M, N et l’un des ares PQ sont interieurs A un 
cercle c, on peut joindre M a N par une ligne brisee ne rencon- 
trant pas T’ et interieure A c. 

De ces corollaires nous tirons les propositions suivantes: 

1° Toute courbe de Jorpan admeltant un are rechiligne divise le 
plan en deux regions. 

En effet, soit / le milieu de l’are rectiligne direet HK apparte- 
nant ä Tet w un cercle de centre / ne contenant aucun point de 
Pare KH de TI. Le diametre HK divise » en deux demi-cereles 
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o, ei w,. L’interieur de w, fait partie d’une mäme vegion r, limitee 
par T. De m&me l’interieur de w, appartient & une mäme region r, 
limitee par I‘ D’ailleurs, toute region limitee par T’ admet / pour 
point frontiere, done possede des points dans w, done dans ©, ou 
dans o,. Elle coineide done avec r, ou avec r.. 

Je dis que vr, et v, sont distinets. Sinon, soient a, et «, deux 
points symetriques par rapport & /, et respeetivement interieurs A 
w, et & w,. Sil etait possible de joindre «, A a, par une ligne 
brisee simple 2 ne rencontrant pas T, on pourrait: choisir A sans 
points communs avec le segment «, a, en dehors de ses points exir&mes, 
et en ajoutant & A le segment a,a,, on obtiendrait un polygone ferme 
w. Le segment HK et le cöte a,a, de @ se coupent en leur milieu 
1. D’ailleurs 7 A ne rencontre plus ®. Done, H et K sont dans 
deux regions differentes de w. Done, l’are direct X H de T'rencontre 
@, et comme cef arc ne rencontre pas le segment a,«,, il.rencontre 
2, ce qui est contraire a l’hypothese. La proposition est done d&montree. 

2° Toute courbe de Jorpan divise le plan en deux regions. 

Soit J un point quelconque de T. Soit ce un cerele de centre J 
et laissarıt a son exterieur un point X, de T. I existe un cerele ec’ 
concentrique et interieur A c, tel que, si Pest un point de T’interieur 
a c’, Fun des deux ares PJ de Test interieur & ec. La möme 
propriete est des lors verifiee pour l’un des deux arcs PQ,si Pet Q 
sont & la fois sur T et dans c’. 

Il est possible d’entourer X, d’un cerele c" exterieur A c et tel 
que, si « et $ sont deux points de T’interieurs & c", ’un des deux 
arcs «aß de T' est exterieur A c. Le segment'« ß rencontre en general 
T en d’autres points que « et ß, peut-&tre m&me en une infinite de 
points. Ceux-ei forment sur le segment «? un ensemble ferme. Soit 
HK un intervalle contigu ä cet ensemble... Le segment HK est une 
corde de T! Ses extr&mites seules font partie de T. L’un des deux 
arcs HK de T est exterieur & c. L’autre contient J. On peut, quitte 
ä &ehanger les denominations de 4 et de X, supposer que ce dernier 
arc est l’are direct XH de T. 

Soit T, la courbe de Jorpan obtenue en ajoutant A l’arc direct 
KH de T, le segment rectiligne HK. Dans c, T et T, coincident, 
puisque ces deux courbes different uniquement par leurs arcs directs 
HK, Yun et l’autre exterieurs & c. 

T, divise le plan en deux regions admettant !’une et l’autre J 
pour point frontiere. Soient M et N deux points appartenant respec- 
tivement & ces deux regions et contenus dans c'. Joignons M et N 
& J. Soient, A partir de M et de N respectivement, Pet Q les 
deux premiers points de rencontre obtenus avec T. Les uk 
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MP,. NQ £tant interieurs ä c’, ou Tei T, coincident, P et Q sont 
sur T, et les segments MP, NQ n’ont avec T,, d’autres points 
communs que P et Q. MP et NQ n’ont pas de points communs 
entre eux, sauf &ventuellement ? et Q, si ces points coineident 
avec J. 

Je dis que tout point S &tranger a T' peut @tre joint aMouaN 
par une ligne brisee ne rencontrant pas T. En effet, d’apres le 
premier corollaire, S peut &tre joint a un point T interieur a c’ 
et ötranger A T! T est, relativement & I‘, dans la meme region que 
M ou que N. Soit R le premier point de rencontre A partir de 7), 
du segment 7’.J avec T' (et avec T\, puisque 7’J est dans c’). En 
vertu du second corollaire, on peut joindre F& M (ou Ta N) 
par une ligne brisee 77, M, M (ou TT, N,N) ätrangere & T, et 
interieure A c, puisque ce contient les segments MP, N@, TR, un des 
deux ares PR et l’un des deux arcs QR. Comme V’are direet HK 
de T' ne penetre pas dans c, la m&me ligne brisee est sans points 
communs avec T. Done, T’ divise le plan en deux regions an plus. 

D’ailleurs, M et N sont dans deux regions differentes de T, 
sinon on pourrait joindre M a N.par une ligne brisee etrangere A 
T et situee dans c. Done, cette m&me ligne ne rencontrerait pas I‘, 
et par suite M et N seraient dans la m&me region de T\, ce qui 
est faıx par hypothese. 

Done, T divise le plan en deux regions et deux seulement. Le 
theoreme de JorDan est done demontre. Nous avons au surplus 
obtenu un procede pour definir le cöte positif de T en un point J. 
On se donne c. On en deduit c’, puis une corde HK de T, telle 
que ni cette corde, ni l’are direet 7 K ne rencontrent c. La courbe 
formee par l’arce direet XH de T suivi de la corde 4X, limite 
une region eontenant le cöte positif de la corde HK. Les points 
de cette rögion situes dans c’ definissent le cÖöte positif de Ten J. 

On montre sans diffieulte que ce cöte est independant de la corde 
auxiliaire choisie 7X, et que les cÖtes positifs de 7’ en tous ses 
points appartiennent A une m&me region limitee par T' et que l’on 
peut appeler region positive de T\ 
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Physiology. — “On the spontaneous transformation to a colloidal 
state of solutions of odorous substances by ewposure to ultra- 
violet light.” By Prof. H. Zwaarpemarer and Dr. F. Hockwın. 


(Communicated in the meeting of April 26, 1918). 


The literature contains a number of records concerning the sponta- 
neous transformation to a colloidal state of substances whose 
moleeules contain a noticeably large number of atoms (Bırz'‘) 
colouring matters) or which are of a considerable molecnlar weight. 
(J. Trauge’) alkaloids). As one of us had noted the spontaneous 
transformation of eugenol in glycerin, when these substances are 
rapidly mixed up, and had been able to establish at the same 
time several details, we resolved to investigate more systematically 
the transformation of solutions of odorous substances in water, 
glycerin, and paraffin. After being rapidly mixed up, the solutions 
were allowed to: stand for weeks and subsequently examined upon 
Tyndall’s effeet and observed ultramieroscopically *). 

It appeared that the following solutions yield a strong Tyndall- 
effect. 


In water In glycerin In paraffin 


Eugenol Eugenol Anilin 
Cressol Safrol Eugenol 
Guaiacol (reosote Cumidin 
Carvacrol Nitrobenzol 

Citral 

Cumidin Cressol 

Thymol ; Apiol 

Hypnon 


In this table the odorous substances have been arranged according 
to their degree of transformation. In a number of cases the obliquely 


) Burrz, Album J. v. Bemmeren, 1910, p. 110 (boundary value between 45 
and 55 atoms.) 

2) J. Trause, Int. Ztsch. f. Physik. Chem. Biol. Bd. I, p. 35, 4914 (boundary 
value between 208 - 275 molecular weight). 

3) The examination upon Tyndall’s effect was performed in the light-eone ofa 
small electric arc-lamp, while watching the complete extinction of the obliquely 
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diffused light has been measured after the method of KAMERLINGH 
Onses and Kersom'). The values of the quantitative determinations 
in the series of the aqueous solutions are in the ratio of 43:39: 
:37:20:15:15:10; in the paraffinous solutions 23:18: slight. 

Besides the above solutions also the aqueous solutions of apiol, 
creosol, paraxylenol, anysaldehyd appeared to yield a markedly 
distinet effeet. The Tyndal phenomenon is fairly distinet in old 
aqueous solutions of xylidin, orthotoluidin, ehinolin, durol. A moderate 
effect we discovered of old aqueous solutions of methyleinnamylate, 
paratoluidin, salieylaldehyd, naphtalin, cumarin, toluol, anthranil- 
acid methylester, benzylbenzoate. A very slight effect was evinced 
by aqueous solutions of safrol, vanillin, anthracene, nitrobenzol. 
Tyndall’s effect did not appear in old aqueous solutions of iron, 
heliotropin, moschus, isomuscon ?). 

The solutions were fully saturated. This is, however, not necessary 
for odorous substances with a strong tendeney for transformation 
such as eugenol, eressol, guaiacol, carvacrol etc. 

In glycerin solutions the phenomenon is of less frequent oceurrence. 
We demonstrated the absence of Tyndall’s effect in a number of old 
solutions in glycerin of odorous substances, which, when dissolved in 
water, became colloidal within a few days. Also in a solution 
in paraffin transformation oceurs’ rarely. 

When there is hardly any solubility, Tyndall’s effeet cannot be 
expected in the long run with odorous substances, but also, even when 
e.g. fluorescence shows us that molecules are thrown into solution, 
transformation to the colloidal state is sometimes lacking altogether, 
even when the solution has been standing for a long time. Such is 
the case with heliotropin. Eugenol is the substance that, both in water 
and in glycerin, attains a more intense colloidal condition than all 
other odorous substances examined. Also in paraffin eugenol becomes 
eolloidal; anilin, in this solvent, still more so. 

Generally speaking, odorous substances becoming intensely colloidal 


diffused light by means of a Nicol prism in the large apparatus of Zsımonpı. 
The solutions in glycerin, however, could not be taken up in an ordinary cuvelte, 
the stuff with which the quartz windows are fixed, being soluble in glycerin. In 
this case we therefore used Zeiss’ paraboloid condensor, or a Leitz’ darkground- 
condensor-cuvette. 

1) KAMERLINGH ONNES and Krzsom, Acad. Amst. 29 Feb. 1908. 


?) The list of odorous substances that are transformed spontaneously has since 
been lengthened considerably. Also the alkaloids that become at length colloidal 
in aqueous solutions, are very numerous. It is interesting to contrast with them 
the erystalloid condition of nearly all solutions of antipyretica (non-alkaloids). 
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have a greater molecular weight than those that are not transformed 
or hardly so; again, the former generally bring about a more con- 
siderable lowering of the surface-tension of water. For the solutions 
examined upon their Tyndall effeet the number of droplets decreased 
in an orderly manner. Calling the number of droplets for pure water 49, 
that of eugenol is 90, cerissol 80, carvacrol 80, eitral 72, thymol 72, 
guaiacol 70, cumidin _65, hypnone 54. This series corresponds 
approximately with the one holding for Tyndall’s effect. On the whole 
there is an orderly decrease in the power to produce a lowering of 
the surface tension between air and water, similar to that of the 
power to bring about a colloidal condition of the saturated or half- 
saturated solution. 

When examining our solutions ultramicroscopically while standing 
for days and weeks, at various intervals, the number of submierons 
appears to augment ') to the detriment of tie amierons, which formed 
the base of the cone. In strong colloid solutions there ultimately 
appears a precipitate, as in the case of eugenol. By the addition 
of '/, n. sodium-carbonate solutions the markedly opalescent fluid at 
once becomes rather more translucent, in which process amierons 
re-appear, this time to the detriment of the spontaneous submierons 
previously formed. 

Prior to and subsequent to transformation the surface-tension of 
the solution is approximately equal (with a eugenol solution 1: 1500 
fresh 67 and old 67 droplets for the stalagmometer volume). Also 
the smell-intensity is the same before and after transformation. Upon 
this basis we feel justitied in terming the transformed odorous solutions 
“guspensoids”’. Exposed in the usual way in an U-tube to the action 
of a constant eleetrie eurrent, the particles in these suspensoids were 
all moved towards the anode. It follows then that the particles 
themselves must be negatively charged. The arm with the + pole 
was getting more opalescent, the one with the—pole cleared up. 

After reversal of the current the previous state was restored. 
Likwise the previous intensity of Tyndall’s effeet is restored by mixing 
the contents of the two arms. The following table gives the quantitative 
relations of the light-intensities of the Tyndall effeet of the solutions, 


1) The fluids, the colloidal as well as the frest-prepared control fluids, were 
instantly filtered in the cuvette through a paper filter. CGonsequently with pure 
water only half a dozen submierons at the most were discernible in a mieroscopie 
field. With water a base of amicrons was altogelher lacking, similarly with the 
fresh eontrol-fluids; but in the saturated or partly saturated solutions that through 
standing had been changed into suspensions, we discerned besides a base of 
amierons a very large number of submicrons in active Brownian movement. 
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tabulated above, after allowing a current to pass through for one hour: 


INTENSITY OF THE OBLIQUELY DIFFUSED LIGHT. 


| Initially Atthe—pole | At the + pole 
EEE 
Eugenol.......... 37 | 33 | Al 
Guaiacol. ........ | 37 | 29 | 35 
Gressoler at... 24 19 | 23 
Gatvacrolse een 20 16 24 
GIErale, Areeerenre 20 16 | 22 
Gumidin® .s.2.% 15 12 | 18 
Ihymol.raa..r 0. iD22 10 | 16 
EIypnonena.reeen | 10 slight | 16 


After displacement of the micellae in the suspensoids through the 
influence of the current, the surface tension in the arm of the positive 
pole appears to become somewhat less than in the arm containing 
the negative pole. 


NUMBER OF DROPLETS (CALLING THAT OF WATER 49). 


Previousiy At the — pole | At the + pole 
Eugen aaa 90 | 87 | 89 
Garvacroles ar 84 | 19 | 80 
Cressolsmer..cke 80 | 18 | 79 
Gira Di 73 71 14 
Thymelieen: 72 | 70 71 
Guaiacol......... 70 | 70 1 
Hypnone......... 55 54 56 


When heating an aqueous eugenol solution 1 : 1200 beyond 40°, 
the opalescence decreases, whereas it returns on cooling and after a 
few days becomes more intense than before. Below 30° no change 
occeurs, even when the solution is maintained at 30° for 94 hours. 

Similarly a colloidal solution of eugenol in glycerin appeared to be 


much less opalescent on hot summerdays than on cooler days preceding 
or following. 
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The gradual transformation of solutions of odorous substances 
beginning with the formation of amicrons, that develop into sub- 
microns, appears to be largely influenced by light. When kept in 
the dark, the process is slow in aqueous solutions. There are even 
several substances, e.g. chinolin, in which it does not appear at all, 
but in which it comes forth distinetly in daylight. It should also be 
observed that the effect of ultra-violet light is much stronger than 
that of daylight ’). 

When exposing a eugenol-solution in a quartz test-tube at '/, m. 
distance from the light of a mereury quartz lamp, opalescence is 
attained within half an hour, which otherwise is not arrived at in 
a fortnight. An electrie arc-lamp has the same effeet in a smaller 
degree. This quickening of transformation does not oceur when the 
quartz-tube is enclosed in stanniol-paper. The same was observed 
with all other solutions. Even a heliotropin solution, ultramieroscopically 
empty, shows, after half an hour’s radiation, numerous micellae. 

Besides by the ordinary light-waves and the ultra violet rays, 
odorous substances can also be rendered colloidal by radiation with 
radium kept in vitro. In order to ascertain this we took two perfectly 
equal glass cuvettes with parallel walls, each filled with saturated 
odorous solution. In one of the cuvettes a closed glass tube was 
inserted, in which 200 mgrs of a mixture of radium- and barium- 
bromide containing 0,18 °/, RaBr?. If the experiment was performed 
with a saturated heliotropin solution, the control fluid remained 
ultramieroscopieally empty, whereas the solution, in contaet with 
the radium tube, showed in 24 hours a base of amierons and 10 


_ submierons per microscopie field. Something similar oceurred in a 


short time also with the other odorous solutions of the table, though 
with every following substance of the series more time was required 
to obtain a difference in dispersity between the radium-cuvette and 
the control-cuvette. 

Not only the admitted eleetro-magnetic waves of the visible light, 
the ultraviolet light and the y-rays of the radium, but also the 
mechanical energy is competent to give to a fresh-prepared, saturated 
multitomie odorous solution the energy needed for an amount of 
surface-energy sufficient for the formation of numberless amicrons 
and submierons, to be observed in the gradually developed suspensoid. 
By shaking the fluid foreibly, transformation is largely promoted. In 


1) Besides opalescence also fluorescence is generated. We are unable to decide 
whether there is any relation between light electrieity and the observed highly 
accelerated transformation to a colloidal state. Cf. Heınwacus on Light-electricity 
in Marx’s Hab. d. Radiol. Vol. III p. 488. 
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a heliotropin solution e.g. that remained free from submierons, even 
after standing for months, they appear in a rather large number 
directly after the old solution was shaken for some time in the closed 
cuvette. The same occurs with glycerinous solutions. Eugenol poured 
on glycerin without shaking renders the latter non-opalescent in 
five days. When- it is vigorously shaken, however, the fluid is rendered 
slightly opalescent, and colloidal in the real sense of the word. It 
also retains its suspensoidal character in the subsequent phase of 
the process. 

It is not likely that chemical energy should also come into play, 
since the process .also takes place in chemically all but indifferent 
fluids, such as paraffin, though it must also be added that entire 
deoxidation of paraffin inhibits transformation also in ultraviolet light. 
However, there must be still another unknown source of energy, 
apart from the radiation of light and the mechanical energy, 
which supplies the newly generated micellae with surface-energy, 
with or without the aid of oxygen, since eugenol solution enclosed 
in a leaden casket, kept in utter darkness, becomes undoubtedly 


TRANSFORMATION TO A COLLOIDAL STATE OF AQUEOUS SOLUTIONS IN THE ÄNILIN-SERIES. 


Molec. weight | Number of Atoms Tyndall’s effect 
Anlinmenutereee 93 14 hardly distinguishable 
Toluidine..nis: 401 17 rather distinct 
RYAN a eek 121 20 * " 
Gumdineer 22.n 135 23 distinct 


Ip. In THE BENZOLSERIES. 
nn nn, u EEE 


Molec. WEIGHT | NUMBER OF ATOMS Tyndall’s effect 
ee E EEESEEEEDEE 232 VEENEEREEEISEERERSER NERSERRBBSERSEHBER BER ENN \ EN 2. 
Benzol... 78 12 hardly distinguishable 
FLOOR = 05 Sue 92 a 15 little distinct 
Kylol.. a. 106 18 
Pseudocumol.... 120 21 little distinct 
Dufokesen. ner. 134 24 rather distinct 


suspensoidal within a few days. However, to obtain this, large 
dissolved molecules are required. This is clearly shown when 
comparing the terms of an homologous series inter se. 
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Odorous substances never have very large molecules. !) Therefore, 
there will never be an extremely strong tendency to form amierons, 
subsequently submierons, as soon as the supply of energy that- may 
pass into surface-energy, is established. This accounts for the process 
being hitherto unobserved. But when working with much larger 
molecules, we may readily presume that the process of transformation 
is highly faeilitated, and will show itself very distinetly, whenever 
electromagnetic waves, mechanical energy, or the unknown source 
of energy, suggested above, are present, from which the partieles 
to be formed, derive their surface-energy:. 


!) The odorous substances examined by us, had a molecular weight between 
78 and 199; the number of their atoms amounted to from 14 to 27, on the 
understanding that no multiple of the chemical formula should be taken. 


Chemistry. — “The Passivity of Chromium”. (Third Communication). 
By Dr. A. H. W. Aren. (Communicated by Prof. A. F. HOLLEMAN). 


(Communicated in the Meeting of March .23, 1918). 


When it is tried to explain the results communicated in the foregoing 
papers!) we should in the first place consider the possibility that 
the hydrogen (or oxygen) present in the surface layer of the metal, 
has a certain influence on the phenomena. 

The phenomena, that render it probable that ihe hydrogen present 
in the surface layer of the metal promotes the activity, are among 
others the following. 

When a piece of Gorpscnmivr chromium, which contains little 
hydrogen, is placed in a feeble acid or in. very dilute sulphurie 
acid, it does not go spontaneously into solution with generation of 
hydrogen. When the chromium is, however, cathodically polarized, 
so that hydrogen is generated in consequence of this, the chromium 
goes also into solution as chromousion. When the current is broken, 
also the dissolving as chromousion stops, when the acid is diluted 
enough. In more concentrated acids, especially in bydrochlorie acid, 
and also at higher temperatures in diluted acids, the dissolving 


accompanied by hydrogen generation, begins spontaneously after a 


short time. 

From the fact, that the cathodie polarisation causes the solution 
of the chromium, we may conelude that the hydrogen charge that 
the metal acquires in this case, is the cause of the activity. At the 
same time it follows from this that a hydrogen charge correspond- 
ing to gaseous hydrogen of one atmosphere is not suffiecient to 
activate chrominm, for in this case the activity would have to con- 
tinue to exist when the current is broken. At that moment, and 
also some time after, the metal has, namely, a hydrogen charge 
that is at least equal to one atmosphere, and yet the going into 
solution ceases spontaneously. The activity disappears even when the 
cathodic polarizing current is not broken, but only --suffieiently 
weakened ?). Frape ?) denies this statement of RATHERT, but deseribes 


I) These Proc. XX, p. 812, 1119. 
?) Rarnerr. Zeitschr. f. physik. Chemie 86. 567, (1914). 
3) ibid. 88. 569 (1914). 
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an experiment that proves about the same thing. He found, namely, 


that a passive electrode in diluted sulphurie acid could be cathodi- 


cally polarized to a feeble hydrogen generation without becoming 
active. 


The behaviour of chromium in acids can be derived from figure 1. 
? 
W . 20\x.0.058 


Jo 


Fig.-1. 
The 10log of the hydrogen pressure has been plotted on the abs- 
eissa, the potential on the ordinate. The line AB indicates the 
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hydrogen charges which an eleetrode acquires for different potentials 
when the concentration of the hydrogen ions in the solution is 1. 

The same thing is given by the line CD for a hydrogen ion 
concentration 0.01 etc. These lines are nothing but the graphical 
representation of the potential of the hydrogen electrode. 

Let us now assume that the potential of a chromium electrode 
in a solution of a given chromium concentration is determined by 
the density of the hydrogen charge, and can be represented by the 
line PQ in figure 1. There is little to be said about the course of 
this line; only on increasing hydrogen charge this line must draw 
near to a limiting value, which represents the real potential of 
equilibrium of chromium. 

This latter supposition, that the electrode presents a chromium 
potential, which e.p. is only dependent on the density of the hydrogen 
charge, goes slightly furtber than the usual hydrogen hypothesis, 
according to which the hydrogen would only accelerate the setting 
in of the equilibrium. According to our conception a certain chro- 
mium potential corresponds to a given hydrogen charge. This suppo- 
sition may seem improbable considered in itself, without it an 
‘ explanation by the aid of the hydrogen hypothesis is not possible 
in my opinion. In what way the chromium potential comes about 
here, will not be discussed. 

When we now take a chromium electrode with a gas charge 1, 
then the potential of this is Zr, according to figure 1. If this electrode 
is placed in a solution, which is 0.01 n. of acid, it can generate 
from it exactly hydrogen of one atmosphere. In consequence of the 
overvoltage no hydrogen will be generated, but the chromium will 
not lose its gas charge either. Hence the potential remains unchanged. 
When the same chromium is brought in an acid in which the con- 
centration of the hydrogen ions is —= 1, the chromium at the 


potential % can develop hydrogen in this acid to a pressure of 10% 


atm. In consequence of the increase of the hydrogen charge the 
potential now descends below ZA, this causes the hydrogen charge 
to inerease, and thus the potential will continue to descend. The 
lowest value that can be attained, is S. This value need not be 
reached, however. It can only exist for a hydrogen charge of 10%° 
atm., and this is only possible when there is a very great over- 
voltage for hydrogen generation at chromium. 

It appears therefore from this, that chromium with a hydrogen 
charge 1 will spontaneously activate, when placed in an acid which 
is stronger than 0,01 n. If the acid is weaker, the chromium does 
not spontaneously become active. In 10-4 n. acid a hydrogen charge 
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of 10% alm. corresponds to a potential R, and the hydrogen charge 
of chromium does, therefore, not become stronger of its own accord. 
When, however, this chromium is cathodically polarized in 10—: n. 
acid, the hydrogen charge increases, the chromium potential decreases. 
If this falls below V, the chromium can be activated further 
spontaneously till the potential has become U. By stronger cathodie 
polarisation the potential can become lower than U; when the 
current is broken the potential will, however, have to rise again 
up to U. The potential itself „will not stop at U, but become higher. 
If the hydrogen generation is suffieciently vigorous to maintain a 
sufficient gas charge on the chromium, the potential can remain 
between V and U. Then the chromium remains active. When the 
hydrogen charge becomes smaller than corresponds with Y, the 
potential rises above V, and the activity disappears. Not only when 
{he current is broken can the potential rise above V;; it is also 
possible that this already takes place in case the polarizing current 
is weakened. When e.g. with vigorous cathodie polarisation the gas 
charge becomes greater than V, the gas charge can become smaller 
than V when the hydrogen generation becomes feebler, and the 
activity will disappear. This is the above described phenomenon of 
RATHERT. It is likewise possible that with very weak cathodie pola- 
rization the hydrogen charge does not become great enough to lower 
the potential below U. Then the metal remains passive in spite .of 
the cathodie polarization (FLADE). 

The most negative potentials that the chromium can spontaneously 
assume in 1 n. 0.01 n. and 0.0001 n. acid, are accordingly S, T, and U. 
These will, however, not be reached, because a very great over- 
voltage would be required for it. In reality the potentials 5’, 7”, 
and U’ will e.g. be observed. 

Tlie above given considerations account, therefore, sufficiently for 
the spontaneous activation of chromium in acids, and the activation 
by ceathodie polarization, also in connection with the strength of 
the acid. | 

Chromium becoming more easily active in hydrochlorie acid tlıan 
in sulphurie acid or in other acids, there must exist a specific 
activating action of the chlorine ions. This comes to this that a 
smaller gas charge is required for the activation in hydrochlorie 
acid, and that the line PQ must therefore be drawn more to the 
left for hydrochlorie acid. The same thing applies for higher temperatures. 

It appears then also from figure 1, that chromium can only remain 
strongly active in a liquid in which it develops hydrogen, and, 
therefore, maintains its gas charge itself. When now a fresh electrode 
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of electrolytie chromium, which contains a great quantity of hydrogen, 
is placed in a solution of chromous-sulphate, as described in the first 
paper, this will at first present a strongly negative potential in 
eonsequence of the great hydrogen charge. When the chromium is 
left in eontaet with the solution, it loses its hydrogen at the surface. 
The potential shifts along the line QR in the direction of AR. The 
potential rises then to 4, —= — 0.27 V, as was communicated in the 
first paper. 

This is, therefore, probably the chromium potential that the metal 
presents for a hydrogen charge 1, because the chromium will cede 
hydrogen to the solution till its pressure has become one atmosphere. 

When such an eleetrode is now cathodically polarized in chromous- 
sulphate, hydrogen is generated. The chromium regains its hydrogen 
charge, and with it its active potential. 

By the aid of figure 1 the phenomena for cathodie polarisation 
are, therefore, to be explained in a simple way. Also the activating 
action of the anodie polarization on electrolytie chromium can be 
accounted for by the aid of these considerations, when the diffusion 
of the hydrogen in the metal is taken into account. 

When the chromium has been electrolytically separated, it has a 
high hydrogen content, of which we assume that it is the same 
throughout the entire thickness of the layer. When in figure 2 DF 
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Fig. 2. 


represents this thickness and we plot the concentration of {he hydrogen 
normal to it, this is represented by a horizontal straight line A@. 
The line @F represents the surface of contact of the chromium with 
the liquid. On account of the great hydrogen content in the boundary 
surface the chromium will possess a very active potential. When 
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a » ıe greater part pass into the 
solution, or escape In gas form. This causes the concentration ofthe 
hydrogen at the boundary surface to become smaller. 

In eonsequence of this the hydrogen diffuses from the metal towards 
the boundary surface, and after a certain time the concentration of 
{he hydrogen in the chromium will be represented by the line ABC. 
In the part AB the concentration has remained unchanged, in BÜ 
the concentration has changed through diffusion. We shall call the 
layer EF, in which the diffusion is perceptible, the diffusion layer. 
The chromium now presents a potential which is determined by 
the size of FC. 

When we now polarize anodically, the first consequence will be, 
that the hydrogen eöncentration at the boundary surface FC becomes 
smaller. This will at any rate be the case when the solution used 
is so little acid, that the hydrogen potential corresponding to a given 
hydrogen charge, is more negative (han the chromium potential of 
the same hydrogen charge. This applies therefore to those parts of 
the hydrogen lines (AB, U D, ete.) that lie under the chromium line 
PQ in fig. 1. For in case of anodie polarization, the potential of 
the metal will here lie further above the equilibrium potential of 
the hydrogen than above that of the chromium, so that the hydrogen 
will dissolve to a greater extent. | 

At the same time chromium goes into solution. Hence the boundary 
layer G@F shifts to the left, and gets e.g. at the place @’F’. The 
thiekness of the diffusion layer has now become smaller, and the 
concentration of the hydrogen in this layer is represented by D’(”. 
Now the hydrogen charge at the boundary surface is F’C’, hence 
smaller than before the anodie polarization. When the strength of 
the current is’ kept constant, a stationary state will set in, in 
which #’C’ is eonstant, and also the concentration gradient in the 
diffusion layer. 

When the strength of the current is increased, this stationary state 
will be another, i.e. so, that #’C’ is smaller and the concentration 
gradient of the hydrogen in the diffusion layer greater than in case 
of smaller strength of current, because the diffusion layer is thinner. , 

During anodie polarization the potential will be more positive 
than before, because the hydrogen concentration at the boundary 
surface is smaller. When the eurrent is broken, the hydrogen will 
quickly diffuse towards tne boundary surface in consequence of the 
great concentration gradient in the thin diffusion layer. This causes 
the hydrogen charge at the boundary surface to rise, e.g. 0 PO 
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Besides, the diffusion layer becomes thicker again, as the metal no 
longer dissolves; the point 2’, therefore, gets in  B’.C"must 
lie higher than (), because at U" more hydrogen diffuses towards 
the boundary surface than at C on account of the slight thickness 
of the diffusion layer. This hydrogen must also pass into the liquid 
more rapidly, which is only possible when # C" is greater than FC. 

When the value C” has been reached, the hydrogen charge at 
the boundary surface will decrease again through the continual 


passing of hydrogen into the liquid, and through the supply of hydrogen. 


from the metal going more slowly, because the diffusion layer 
becomes thieker. At last a stationary state is again reached, which 
is equal to the state before the polarization, ‘and in which the 
hydrogen charge of the boundary surface is #' €", the concentration 
of the hydrogen in the diffusion layer ZB" Ü". 

The greater the density of the current, the smaller will be FC", 
the thinner will be the diffusion layer, and the higher therefore 
will C" lie. 

Hence the following particulars will be observed for the potential 
of electrolytice chromium. When electrolytie chromium with a fresh 
surface is brought into an electrolyte, the hydrogen charge at the 
boundary surface is great, FG, and the potential strongly negative. 
When this chromium is left in contact with the liquid for a long 
time, the boundary surface of the metal loses part of its hydrogen, 
the hydrogen charge falls to FC, and the potential becomes more 
positive. When we polarize anodically, the hydrogen charge decreases 
to F'C', the potential becomes, therefore, still more positive. When 
the current is now interrupted, then the hydrogen charge rises to 
F' C", the potential becomes much more negative, but gradually the 
hydrogen charge decreases again to F'C", and the potential rises 
to the value that it showed before the polarization. + 

This course is quite in concordance with what was drawn in 
figure 7 of the second communication. 

'Accordingly the potential reaches a minimum which is the deeper 
.as C" lies higher, hence as the strength of the current is greater 
and consequently the diffusion layer is thinner. 

When the strength of the current is very small, and the diffusion 


layer is thick, it may occur that C" does not get above ('"", and - 


that the potential does not pass through a minimum, as is the case 
with the line for 1mA in figure 7 of the second communication. 
lt is clear that the phenomena for anodie polarization will, 
therefore, chiefly be determined by the hydrogen content of the metal. 
These phenomena being different for chromium on copper, on 
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silver, and on gold i.e. so that the potentials for chromium on 
copper are {he most negative, it must be assumed that chromium 
deposited on copper contains more hydrogen than chromium on 
silver, and this more than chromium on gold. 

In the same way the existence of a retrogressive current potential 
line can be explained, as has been drawn in figure 11 ofthe second 
communication. These lines refer to the formation of chromate, and 
we shall, therefore, have to assume that also the potential of 
chromate formation will be dependent on the hydrogen eontent. This 
dependence is e.g. given by the line NO in figure 1. 

Here too, in case of anodie polarization the eoncentration of the 
hydrogen at the boundary layer will be small, hence the potential 
high. On inereasing current density the diffusion layer becomes 
thinner, so that in case of interruptions of the current by the 
commutator the hydrogen charge at the boundary surface after the 
current has been broken will be the greater as the current density 
was greater. 

Hence for greater current density the potential is more negative 
after the current has been interrupted than for small current density. 
Moreover it is clear that the retrogressive current potential line can 
only be found when we work with a commutator. When the potential 
is measured with continual passage of the current, the potential is 
the more positive as the current density is greater, because then 
only the hydrogen charge at the boundary surface is to be reckoned 
with as it is during the polarization. 

Accordingly the activation after anodie polarization can be satis- 
_factorily accounted for by means of the hydrogen theory. 

It remains, however, to explain the phenomenon that on anodie 
polarization of electrolytice chromium and of activated chromium of 
GOLDSCHMIDT, the potential becomes more negative also during the 
passage of the current. 

An explanation of this may be arrived at when it is borne in 
mind, that not immediately after the current is broken or started 
the state in the diffusion layer is stationary. 

When in figure 3 BC represents the concentration of the hydrogen 
in the diffusion layer of a piece of chromium which has been in 
contact for a long time with an electrolyte, the hydrogen at the 
boundary surface has the concentration FC. When this electrode is 
now anodically polarized, the eoncentration of the hydrogen will 
descend to F’(C” in consequende of this. Now the concentration of 
the hydrogen in the diffusion layer will have the course BASE 
will be the state when the eurrent has just been started, and (he 

10 
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boundary surface has, therefore, been only little shifted inward. When 
the passage of the current is continued, the boundary surface Moves 
more inward, and when it has reached F" @", a stationary state 


A BERN GE Er 
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- Fig. 3. | 
will have been reached, in which the thiekness of the diffusion 
layer and the concentration gradient of the hydrogen is stationary. 
The former is smaller and the latter is greater than when the current 
had just been started; consequently also the hydrogen charge at the 
boundary surface F" C" can now be greater than at first. The 
course of the potential as function of the time will, therefore, be 
as follows. Before the polarization the electrode is comparatively 
active, corresponding to the hydrogen charge FC. When the current 
is put on, the potential rises in consequence of the decrease of the 
hydrogen charge. On continued passage of the current the potential 
descends again, because the hydrogen charge becomes greater again 
in consequence of the diffusion layer becoming thinner. 

This is what was observed for the anodie polarization of electrolytie 
chromium, and also of GoLpscHmipTr chromium which is activated 
in molten ZnCl, or KCl-+ NaCl. Also with chromium of GoLp- 
scHMipt which has been activated in strong HCl, the same phenomenon 
is observed. Nevertheless there exists quantitatively a great difference 
between these two kinds of chromium. With electrolytie chromium 
the activation proceeds much more quickly during the passage of 
the current than with Gonpschmipr chromium which has been 
activated in ZnCl,, and with this again more quickly than with 
Goupscnmipr chromium that has been activated in hydrochlorie acid. 
For this last the potential continued to become more and more 
negative for hours with constant strength. of the current. For eleetro- 
Iytice chromium this continued only for a few minutes. The difference 
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in the duration of the phenomenon may be attributed to a difference 
in the hydrogen content of electrolytie chromium and GOLDSCHMIDT 
chromium. The former can bear a much stronger current already 
at the beginning of the anodie polarization than the latter. In 
consequence of this the displacement of the boundary surface GF 
to (@" F" goes much more quickly for electrolytic chromium than 
for chromium of GotpscHhMiDT, hence also the activation on anodie 
polarization proceeds more quickly for eleetrolytie chromium. 

As has been described in the second paper, a piece of GoLpschmiDT 
chromium that has become active through anodie polarization, can 
not bear the same strength of current any more when the current 
has been broken for some time, though the potential is then much 
more negative than immediately after polarisation. Tbis, too, can be 
accounted for by the diffusion of the hydrogen in the metal. Before 
tbe polarization the concentration of the hydrogen in the diffusion 
layer is represented by BC in figure 4. When the electrode is 
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anodically polarized, and the strength of the current is slowly carried 
up, a stationary state will be reached after some time, for which 
the eoncentration of the hydrogen in the diffusion layer, which has 
now become a good deal thinner, is represented by 3,C,. When 
the eurrent is interrupted, the hydrogen concentration at the boundary 
surface rises in consequence of the great gradient of concentration. 
Besides the thickness of the diffusion layer increases, which extends 
inwards in the metal, and is no longer dissolved from outside. The 
course of tlie concentration of the hydrogen in the diffusion layer 
is now successively represented by B,C,, B,C,, BC, B: CB. 
and B,C,. With B,C, the concentration of the hydrogen at the 


boundary surface is greatest, the potential, therefore, most negative. 
10* 
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When we now anodically polarize with the same strength of eurrent 
as when the hydrogen eoncentration was represented by B,C,, the 
hydrogen charge at the boundary surface will now descend below 
C,, since the thiekness of the diffusion layer is now so much greater 
than immediately after polarization, and the diffusion of hydrogen 
accordingly proceeds so much more slowly. In consequence of this 
the ehromium gets a more positive potential. In this way it is, 
therefore, explicable that the chromium can bear a stronger current 
when this is again put on immediately after the interruption than 
when the current has remained broken for some time, though in 
the latter case the potential is more negative in current-less condition. 
It now also appears that there is no immediate connection between 
the potential of a chromium electrode in eurrent-less condition, and 
the possibility of its becoming passive. The former is namely deter- 
mined by the density of the hydrogen charge at the boundary surface, 
whereas it depends on the gradient of concentration in the diffusion 
layer whether the eleetrode can be made passive. The before described 
phenomenon that not always the most negative electrode is most 
diffieult to passivate, is in agreement with this. 

So far the phenomena can, therefore, be explained by the aid of 
the hydrogen theory. That the phenomena are caused by a parti- 
cular state of the metal surface, and not of the liquid, appears from 
this that they qualitatively remain the same, when the liquid is 
vigorously stirved, and also when the liquid is entirely renewed. 
The potential of the elecetrode only becomes somewhat more positive 
by stirring. This is probably owing to this, that in consequence of 
the stirring the solution contains more oxygen, and the hydrogen is 
more quickly withdrawn from the chromium surface. When the 
stirrer is stopped, the potential falls again. 

In these experiments the chromium anode was placed in a saturate 
solution of KCI, the cathode in a same solution in a porous vessel. 
This latter liquid became alcalie during passage of the eurrent. The 
solution round the anode became on the other hand acid. To deter- 
mine the degree of acidity a hydrogen electrode was placed in this 
solution. It presented a potential —0.58 V. with respect to the n. 
calomel electrode, corresponding with a hydrogen ion concentration 
of 105. A current of 4 mA had been led through this solution for 
20 hours. | 

That the solution became acid can be explained by a hydrolytie 
splitting up of the formed CrOl,, or by the hydrogen present in the 
chromium going anodically into solution as H. 

As the volume of the solution amounted to about 300 cm’, and 
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the hydrogen ion concentration was 10-5, there has been formed 
0.003 mgr. aed. of hydrogen ions, 3 mF having gone through 


‚the solution. Hence the chromium would have to contain 04 Hs 


hydrogen in order to give the above mentioned degree of acidity to 
the solution. In reality this must be slightly more, because part of 
the OH ions has moved from the cathode space to the anode space, 
and has, therefore, partly neutralized the acid formed. 

It also appeared in these experiments that the potential which the 
chromium electrode presents, is really a chromium potential, or at 
least no hydrogen potential. In the acid solution the potential was 
namely —0.59 V. When the solution was then made feebly alcalie, 
the potential rose to —0.58 V, whereas a hydrogen electrode in 
the same liquids would have to present a decrease of about 0.2 V. 
In this and in other experiments the chromium developed hydrogen. 
This cannot be hydrogen that the chromium developed spontaneously 
from the liquid, for in this case the potential of the chromium 
electrode would have to be more negative than that of a hydrogen 
electrode in the same liquid. This was not the case here; the 


potential of the hydrogen electrode was —0.58, that of the chromium 


eleetrode — 0.52. Besides the hydrogen generation took just as well 
place in a feebly alealie solution as in a feebly acid solution, 
whereas the potential of the chromium electrode was often pretty 
much more positive than —0.52 V. It is possible that the chromium 
contains more hydrogen than dissolves anodieally, and that part of 
it escapes in gaseous form. 

Hence it must be assumed that the examined chrominm always 
contained hydrogen. In the case of electrolytie chromium this has 
been separated at the same time with the chromium in a consider- 
able quantity, whereas the chromium of Gonpschmipr contains a 
slight quantity. By treatment with molten KCI + NaCl or ZnCl, 
the chromium can absorb more hydrogen in consequence of the 
decomposition of the water present in it by the chromium. On the 
action of chromium on these molten salts development of a com- 
bustible gas and formation of chromium oxide was always observed. 
That ZnÜl, activates more strongly than KCl + NaÜl could be ex- 
plained by this, that the hygroscopie ZnÜl, contained more water, 
and can, therefore, yield more hydrogen. The activity which chrominm 
obtains by treatment with hydrochlorie acid and by increase of 
temperature must, however, chiefly or exclusively be attributed to 


the hydrogen which is naturally present in the metal. 


With regard to the hydrogen generation at chromium during the 
anodie polarization it should still be pointed out that this ceases 
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after the polarizing current has been broken for some time, and in 
general is the weaker as the strength of the current is the smaller. 
This hydrogen generation is, however, in no connection with the 
other phenomena on anodie polarization, as the hydrogen generation 
failed to appear in a number of experiments, though the anodiec 
behaviour was the same for the rest. 

The explanation of the phenomena on cathodie polarization 
presents one diffieulty, viz. that through the cathodically separated 
hydrogen, the metal in a solution of KCl is not activated. The metal, 
indeed, gets a strongly negative potential, but the strength of the 
current which the chromium anodically can bear, is not greater than 
before the cathodie polarization. To explain this it should be assumed 
that the cathodically developed hydrogen only remains at the metal 
surface, and does not diffuse, or only very slightly, into the metal. 


Amsterdam, March 1918. Chemical Laboratory of the 
Unwersity. 


Physiology. — “On the influence of the increase of the osmotic 
pressure of the Jluids of the body on different cell-substrata. 
By Dr. 5. os Borr. (Communicated by Prof. G. van Risngurk), 


(Communicated in the meeting of March 23, 1918.) ’ 


\ 


In the following experiments an investigation was made into the 
influence of the increase of the osmotie pressure of the fluids of the 
body on the vital funetions .of frogs. The increase of the osmotie 
pressure was brought about along ditferent ways, which I intend to 
indicate here successively, mentioning at te same time the phenomena 
I observed. 

I. Frogs were placed into a hyperisotonie solution of Ringer 
containing instead of 6.5 gr. (p. L.) NaCl 18 gr. NaCl. Such a 
quantity of this fluid was poured into the vessel in which the 
frogs had been removed, that the head and the back projected 
above it. A considerable part of the surface of the skin was then 
in contaet witb the hyperisotonie solution of Rınger. When the 
frogs had remained in this solution for about 20 hours, they showed, 
a series of phenomena as a consequence of the increase of the 
osmotie pressure of the fluids of the body. The first phenomenon 
that is observed, is the comatous condition. The frog sits still in a 
squatting position with the connective fleeces (membranes) before the 
eyes, and no longer leaps about. If one stretches out a hindleg, 
this abnormal posture of the leg is indeed corrected again but very 
sluggishly. After a longer residence in the hyperisotonie surroundings 
this correetion does not take place. Irritations of the skin have a 
Ä slight reflectorie effect which in a later stage is likewise reduced to 
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a minimum. The museles show a strong inclination to contractions. 

At the same time the respiration shows a periodieity (hat is 
known by the name of Oheijne-Stokes’ respiration. (Groups of dyspnoea 
alternate here with pauses. In Fig. 1 we see curves of this 
phenomenon which were registered by suspension of the skin in 
one of the flanks. During the flank-movements the pharyngeal 
respiration continued likewise and in such a manner that after each 
flank-movement a movement of the month-bottom could be observed. 
In the pauses both these movements ceased. 

The curves of Fig. 2 were registered with-another frog by placing 
a cork eylinder through which a pin had been pierced, on the back. 
The up-and downward movements of this eylinder were enlarged 
by a lever-system and registered on a drum covered by smoked 


Fig. 2. 


paper. The flank-movements were here likewise accompanied by 
movements of the mouth-bottom, whilst in the pauses both these 
movements ceased. In both figures we see in the beginning of the 
groups the ascending degree indicated. The periodie respiration was 
succeeded by a cessation of the respiration. This cessation was 
reached, after the animal had remained about 24 to 25 hours in 
the hyperisotonie solution of Rıxgkr. 

I found likewise a constantly oceurring devialion at the eye-lenses. 
The surface of the pupil had the appearance of cataract. 

The phenomena enumerated above were caused by the increase 
of the osmotie pressure of the liquids of the body. A few more 
controling experiments were made in this respect. 

Whilst the periodical respiration was still going on, or likewise whilst 
a cessation of the respiration had already set in, the frog was put into 
the water. After the animal had been in the water for 94 hours, all the 
phenomena mentioned above had disappeared. The frog was then 
again quite normal, the passivity, the refleetionlessness and eoma 
had entirely disappeared. The respiration was then again normal, 
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the cataract had entirely or almost entirely disappeared. (After the 
frog had remained in water for 2 days not a vestige of the cataract 
was left). The frog could not in any respect be distinguished from 
a normal one. 

A second controlexperiment was made in the following manner: 

The frog was put in the hyperisotonie solution of Rıngkr, and at 
the same time a canule was fastened in the dorsal Iymph-bag. 
Slowly water was poured into the Iymph-bag through this canule. 
Under these eircumstances the fluids of the body did not beeome 
hyperisotonie, as the water that was withdrawn from the frog 
along the skin, was replaced again along the Iymph-bag. In this 
way the frogs could remain alive during a week without showing 
the above mentioned symptoms. Without the drainage of the lymph- 
dorsal-bag the frog dies in the hyperisotonie solution of Rıngkr 
within one day and a half. 


- I. Instead of the hyperisotonie solution of Rınser a hyperisotonic 
solution of glucose was used (1.38°/, solution). The frogs behaved 
in "this solution in exactly the same manner. 


Ill. In a third series of experiments fluid was withdrawn from 
the frogs by placing them in a dry bottle, and sucking through the 
latter by means of a water-jet-suctionpump air that had previously 
passed through lime-tubes. After one day and a half such a frog 
had desiccated so much as to show the same symptoms as a frog 
that had been placed in a hyperisotonie fluid. After it had been 
removed into the water again a complete restoration set in likewise. 


IV. In a fourth series of experiments the blood was replaced 
from the vena abdominalis by a hyperisotonie solution of Ringer 
(with 18 gr. NaCl per L.). When the fluid had streamed through 
the frog for 15 to 20 minutes, the same phenomena of coma, 
passivity and reactionlessness set in. The respiration was then 
periodical (Cheyne-Stokes’ respiralion) or stopped entirely. In the 
latter case the Cheyne-Stokes’ respiration could be restored by placing 
the frog for a short time into water. A beginning of cataract could 
already be observed, when the drainage had lasted 15 to 20 minutes. 
If no further measures were taken, the cataraet augmented considerably 
after the drainage in the course of 10 to 15 minutes. 

All phenomena disappeared likewise in this series of experiments 
when the frog was removed to water. 

A short deseription of an experiment may follow here. 

11'/, o’elock. From the vena abdominalis a frog is drained with 

a hyperisotonie solution of Rınser during 25 minutes. Coma, passivity 
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cessation of the respiration, when it is turned on its back, the frog 


Eie 73, 


does not move, abnormal position of the 
leg is not corrected, eataract of both the 
eyes‘). 

At 1 o’elock placed in water. 

1'/, o’clock. The frog shows now and 
then a respiration. 

2 o’clock Cheyne-Stokes’ respirations. 

Whilst the frog continues to lie on 
its back in the bottle of water, the 
number "of respirations per group and 
the duration of the pauses during some 
time are registered. 

Here follows the result: 


9 respirations 58 sec. pause 
1 minute pause 14 respirations 
9 respirations 62 sec. pause 
'/, minute pause 11 respirations 

respirations 45 sec. pause 
40 sec. pause 13 respirations 
11 respirations +40 see. pause 
70 sec. pause 20 respirations 
11 respirations 62 sec. pause 


This observation. has this advantage 
over the registration, because on account 
of the suspension the respiration of the 
frog varies temporally at least often. 

After this the respiratory eurves were 
registered by suspension of the mouth- 
bottoın, as LANGENDORFF did for the first 
time. The first 8 minutes after the 
suspension the respiration stopped entirely. 
Thereupon the groups reappeared again. 
Fig. 3 represenis some of these. The 
bottom row was registered '/, hour, the 
top one 10 minutes after the suspension. 

When we compare the respiratöry- 
curves of these groups with the eurves 


!) In order to control the experiment ihe two lenses were extirpated after the 
experiment and compared with normal extirpated lenses. The latter were clear 
and transparent, the former turbid and opalescent. 
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of the normal respiration, it appears that with each movement 
of the mouth-bottom one movement of the flanks takes place during 
these groups. 

Only the two first groups of the top- row set in with a separate 
expiration-movement, which is not followed by a. movement of the 
mouth-bottom. For the rest all groups begin with an expiration, as 
appears from the fact that the lever descends in the beginning. 
During the normal respiration the frogs show one flank-movement 
with some movements of the mouth-bottom. During the groups of the 
Cheyne-Stokes’ respiration every movement of the mouth-bottom' is 
almost always followed by one flank-movement. In this way the 
frog respires likewise when it is dyspnoeie. 

If the blood of frogs is replaced by normal isotonie solution of 
Rınger instead of hyperisotonie fluid of Rınger the mentioned 
phenomena do not oceur. The respiration remains normal, the lense 
does not become turpid. 

A more explieit discussion of the cataract and the Cheyne-Stokes’ 
respiration follows here. 


Calaract. 


In whatever way the fluids of the body of frogs may be made 
hyperisotonie, cataract oecurs always. T’he cataract disappears however 
agaın, when the osmotie pressure of the Jluds of the body is made 
normal again. 

The cataract develops itself very slowly. When after a perfusion 
during 15 or 20 minutes the respiration has stopped already, the 
sürface of the pupil begins only to become a little dim. If then one 
waits a short time without continuing to drain the cireulation- 
apparatus, the dimness gradually increases. At last two vertical parallel 
white stripes are observed on the lense, between which there is a 
long dark stripe. It makes tlıe impression as if one.sees two white 
walls and between these a deep, dark moat. The direction is usually 
vertical, sometimes almost vertical. This vertical stripe will correspond 
to the frontal vertical suture of the lens, as it is described in GAupP. 
(Anatomie des Frosches). One often sees white, thin lines proceeding 
in a radiary direction from this vertical line, corresponding to the 
so-called spokes of the human cataract. It is obvious that the origin 
of the cataract must be attributed to a congelation of the albuminous 
substances in consequence of an increase of the saltconcentration of 
the fluids of the body. As soon as the osmotic pressure of the fluids 
of the body deereases again, the process is likewise converted. In 
my opinion another explanation of the phenomenon is impossible. 
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It is obvious that also every other eircumstance by which a con- 
gelation of albuminous substances is caused, can bring about lense- 
cataract. In my opinion however it is of importance that I have 
indieated, that a mere increase of the osmotie pressure of the fluids 
of the body can result in cataract. 


Cheyne-Stokes’ respiration. 


The periodical respiration was caused in my experiments by an 
increase of the osmotic pressume of the fluids of the body. The 
periodical respiration disappeared likewise again as soon as this 
pressure did not exist any longer. In order to study the origin of 
the Cheyne-Stokes’ respiration more accurately the desiccation of the 
frogs was continued in a series of experiments so far, that the 
Cheyne-Stokes’ respiration had not yet set in. Thereupon the mouth- 
bottom was suspended and in a warm room the frog was exposed 
to further desiecation. Usually the Cheyne-Stokes’ respiration slowly 
set in there in the course of a few hours. During these experiments 
it appeared that besides a periodicity of the flank-respiration we 
must distinguish a periodicity of the pharyngeal respiration. In far 
advanced stages the two periodicities coincide, so that then during 
the groups movements of both the flanks and the mouth-bottom 
take place, whilst in the pauses the respiration stops entirely. As 
a transition to this complete Cheyne-Stokes’ respiration we find a 
stage in which the groups are equal to those of the complete Cheyne- 
Stoke’s respiration, but during this stage the movements of the 
mouth-bottom continue. It appears consequently that both ways of 
respiration are to a certain degree independent of each other, as 
appears indeed also from the normal respiratory curves. 

According to the examinations of LANGENDORFF the movement of 
the flanks coınes off passively without a contraetion of the pectoral 
museles. If this is correct, then the movement of the flanks is after 
all made possible by an active opening of the glottis. With the 
Cheyne-Stokes’ respiration the periodieity of the movement of the 
flanks is determined by a periodieity of the glottis-museles. An 
opening of the glottis is almost constantly followed by a move- 
ment of the mouth-bottom, this however is not necessary either. The 
first 2 groups of Fig. 3 set in with an expiration that is brought 
about by an opening of the glottis, which is however not followed 
by a movement of the mouth-bottom. 

One word more about the cause of the Cheyne-Stokes’ respiration 
in these experiments. As I explained already, this phenomenon 
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oceurs at a hyperisotony of the fluids of the body. This hyperisotony 
leads in the end to a cessation of the respiration. Like the cataract 
this cessation of the respiration can be Suppressed again by a 
decrease of the osmolie pressure. Consequently the setting in of 
the cessation of the respiration in hyperisotonie surroundings, just 
as the Cheyne-Stokes’ respiration that precedes it, and Jlikewise 
the development of cataract originate in modifieations that are 
reversible. 


Chemistry. — “On the Electrochemical Behaviour of MMetals”. By 
Prof. A. Smirs. (Communicated by Prof. ZewMman). 


(Communicated in the meeting of March 23, 1918). 
1. Introduction. 


By application .of the considerations on which the theory of 
allotropy is based to the internal state of the metals and to their 
chemical as well as to their eleetromotive behaviour, we are enabled 
to eonsider all the metals, also those which serve as so-called unat- 
tackable electrodes, from the same point of view. 

These considerations rest on the more than probable assumption 
that every metal contains metal atoms, one or more kinds of metal 
ions, and elecetrons, which can be in equilibrium under definite 
cireumstances. When a metal is immersed in an electrolyte, then in 
agreement with Nurnstr’s views of the phenomenon of solution, the 
heterogeneous equilibrium between the metal and the boundary layer 
will be established with so great veloeity, that it may be said that 
this equilibrium always exists. 

When we, therefore, restrict ourselves to the simple case that the 
metal consists of metal atoms, »-valent ions, and electrons, we may 
say, that when this-metal is immersed in an electrolyte the following 
heterogeneous equilibria will at once set in. 


M; My» v6, 
N 
Whether the homogeneous equilibrium will also exist in the two 
coexisting phases between the metal atoms, metal ions, and the 
electrons, depends on different eircumstances. Whereas it seems that 
a metal in perfectly dry condition can assume internal equilibrium 
as a rule only at comparatively high temperature, this often takes 
place very quiekly when in eontaet with an eleetrolyte, but it may 
also occur that the metal gets in equilibrium very slowly, or not at 
all, under these eireumstances at the ordinary temperature. 
The veloeity with which a metal assumes internal equilibrium 
under definite eircumstances is undoubtedly one of the most charac- 
teristie properties of the metal. 
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2. The Potential Difference Metal-Electrolyte when 
the Metal is Attacked. 


When a metal in contact with an electrolyte superfieially assumes 
internal equilibrium with very great veloeity, the internal state in 
the metal surface remains unchanged, in whatever way the metal may 
be attacked. 

Let us suppose that we immerse zine in an aqueous solution of 
hydrochlorie acid; then hydrogen generation takes place, because 
the eleetron concentration of the metal equilibrium 


EEE ae A (1) 
in the solution is greater than the eleetron-eoncentration of the 
hydrogen equilibrium: 

a a a) 


Hence the elecetrons of the equilibrium (1) are removed, and 
through this the equilibrium is disturbed. It is now the question 
how the equilibrium can be restored. 

The eoncentration of the zine-atoms in the liquid is so small that 
even if the reaction constant of the conversion 

Zur > Zn, + 20, 
was very large, yet only exceedingly few zine ions and electrons 
would be split off per second in this way. | 

The only way in which the state of equilibrium can be restored 
is this that the metal sends electrons into solution, which is of course 
accompanied by zine ions going into solution, because zinc-ions and 
electrons, with a difference of only a very small amount, are always 
present in the same concentration. 

Through this process the internal equilibrium in the metal surface 
is disturbed, which can be restored again by the reaction: 


Zn ln, 2208. 


As the heterogeneous equilibrium in the boundary layer sets in 
with very great velocity, the question whether the metal zine during 
solution in an acid will be disturbed, comes to this, whether the 
internal equilibrium in the surface of the metal sets in with so 
great velocity that the concentration remains practically unchanged. 

This is actually the case for zine under certain eircumstances. 
Mr. Hürrer S. J., who examined some metals at my request, found 
among others, that when the potential difference between zine and 
a solution of zine-chloride is measured during vigorous stirring, and 
then that between zine and a zinc-chloride solution of the same 
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eoncentration acidified with hydrochlorie acid, the potential difference 
vetnins the same value, notwithstanding a strong hydrogen-generation 
takes place in the latter case. en 

The metal zine is, therefore, not disturbed through solution in 
hydrochlorie acid, and this result is in per feet agreement with what 
is found when zine is anodieally brought to solution in a zinc- 
chloride solution. In this process, which likewise rests on the with- 
drawal of eleetrons from the metal, the potential difference, zinc- 
electrolyte, does not change appreeiably, even for comparatively 
great densities of eurrent, so that our investigations about the potential 
difference during the solution of zine in a hydrochlorie acid solution, 
as well as the measurements of the potential difference of the same 
metal on anodie solution in a solution of zinc-chloride lead to the 
result that the equilibrium in the metal zine in contact with the 
above-mentioned eleetrolyte sets in with a velocity which is very 
great compared with the velocity with which eleetrons and ions are 
withdrawn from the metal. 


3. General consideration. 


When we now consider the phenomenon in general, we can 
distinguish the following cases. 
On immersion of a metal in an acid we have in the simplest 
case among others the two following equilibria in the electrolyte: 


H,, 22H, + 201. 
and 
M, ZML + 01 


The electron-concentrations of these Iwo equilibria are in general 
different, and a consequence of this is that either the elecetrons of 
the metal equilibrium, in the liquid, eombine with the hydrogen 
ions of the hydrogen equilibrium, which causes electrons + ions 
from the metal to go into solution, or the electrons of the hydrogen 
equilibrium with the metal ions of the metal equilibrium pass from 
the electrolyte into the metal. 

Let us first imagine the limiting case, viz. this that the internal 
equilibrium of the metal surface is established with great velocity, 
so that this velocity is very great with respect to the velocity with 
which eleetrons + ions are withdrawn from the metal or are added 
to the metal, then the metal surface will not change independent 
of whether one process takes place or the other, and the potential 
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difference metal-electrolyte will remain equal to the potential difference 
of the unary metal. 

In the second place the case may present itself that the internal 
equilibrium of the metal surface does not set in so rapidiy as was 
Supposed above, and then it will be possible to disturb the metal 
surface either in one direction or in the other, i.e. it may become 
either nobler or baser, hence the potential difference can differ from 
that of the unary metal in noble or base direction. 

A third case, which like the first, represenis a limiting case, is 
this that the metal is so inert that the velocity with wbich it assumes 
internal equilibrium is very small compared with’the veloeity with 
which the elecetrons and ions are withdrawn from the metal or 
added to it. 

In the first limiting case the potential difference is entirely governed 
by the state of internal equilibrium of the metal, and in the last 
case the potential difference is dominated by the electron eoncen- 
tration of the hydrogen equilibrium in the eleetrolyte. 


4. Nickel as Example of an Inert Metal, the Inertia of which 
Increases under the Injluence of the Dissolved Hydrogen. 


An example of the latter case with this particularity, however, 
that the just mentioned great inertia is only slowly reached, because 
the metal is converted to this state after some time through the 
negative catalytic influence of the dissolving hydrogen, is furnished 
by niekel. As was shown in a previous communication, the case 
presents itself that when this metal is immersed in such an acid 
solution that hydrogen generation would have to take place, this 
phenomenon does not take place to an appreciable degree, and the 
metal appears to be disturbed after some time so far in a noble 
direetion that its potential difference has become equal to that ofthe 
hydrogen eleetrode. 

On that occasion we already gave an explanation of this pheno- 
menon, and pointed out that, nickel being so inert, the eleetron 
concentration of the niekel equilibrium in the eleetrolyte 

Ni, Nir + 201 
becomes equal to the electron concentration of the hydrogen equi- 
librium : 
Hr 2 00 
so that finally ee 
(Ox:), == (I, = ß 
This was demonstrated in the following way. We pointed out 

11 
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namely, that on application of the electron equation for the potential 
difference, metal-eleetrolyte, for the derivation of the relation for 
the eleetromotive force of a eircuit consisting of two metals immersed 
in the corresponding salt-solutions, we arrive at the following equation : 


Bu, RT, (1) 
A ae ee a 
so that, taking into consideration, that the first term of the second 
member denotes the Volta-effeet of the two metals, which is a very 
small quantity, the eleetromotive force A,—4A, will be zero in first 
approximation, when (7,,) = (01,)- 

In the case discussed here the metals 1 and 2 are nickel and 
hydrogen, and experiment has taught that Ayi—-An, was really 
praetically zero, from which. therefore followed (Ax)L — (PBL- 

Through the inertia of the metal nickel, which inertia was still 
increased by the hydrogen dissolved in the metal, which is here a 
negative catalyst, as was already stated before, the metal could, 
therefore, be disturbed so far, that the electron concentration of the 
nickel equilibrium in the electrolyte had become equal to the elec- 
tron-eoncentration of the hydrogen. 

We may, therefore, also express ourselves in a different way, 
and say, that the nickel had been passivated by the acid. Finally 
the nickel phase and the hydrogen phase present the same potential 
difference, accordingly these phases, which are in contact with the 


1 “ 
same electrolyte, can coexist. As in the case discussed here the 


nickel will of course be covered by a layer of hydrogen, the found 
potential difference refers to the three-phase equilibrium Ni+H, + 
+ electrolyte. 


5. Unattackable Blectrodes. 


As follows from the communication eited here, this disturbance 
is comparatively slowly reached for nickel. There are, however, 
metals for which this goes much quicker, and these are the metals 
of which tbe so-called unattackable electrodes consist, as the plati- 
num metals. 

These metals belong to the group of the most inert metals that 
we know. Even in contact with an electrolyte these metals do not 
get in internal equilibrium, but they are almost always in passive 
state, so that the potential difference of the unary metal is not even 
known to us. 


When such a metal is immersed in a solution of HCl or H,SO,, 
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and hydrogen is passed through, the eleetron coneentration of the 
platinum equilibrium in the electrolyte 


PR Er + 49, 
has almost immediately become .equal to the eleetron concentration 
of the hydrogen equilibrium, 

H,, >2H7r, -H 20, 
corresponding to the pressure of the hydrogen that passes through, 
so that e.g. the platinum electrode has almost immediately become 
eleetromotively equal to the hydrogen electrode. 

For these metals, which behave ideally inert, the potential differ- 
ence is, therefore, governed by the existing electron concentration 
in the electrolyte. This is also tlie reason why these exceedingly 
inert metals may serve not only as gas-electrodes, but also for the 
determination of the so-called oxidation, resp. reduction potentials. 

When e.g. platinum is immersed in a solution in which the 
equilibrium: | 


Peiz Fe OL 
prevails, the electron concentration of the platinum equilibrium in 
the solution has almost immediately become equal to the electron 
eoncentration of the above ferro-ferri equilibrium, so that in the 
eleetron equation for the potential difference of the platinum | 
RE Kh 
as (Br) 
the electron concentration of the ferro-ferri equilibrium may be 
written instead of (#7), in consequence of which we get: 


7. Ks & 2 
I 


as was already stated before. 

The peculiar feature of these platinum metals is therefore their 
extraordinary inertia, which causes them to behave ideally passive in 
most electrolytes. 


Au 


6. Considerations in the Light of the Theory of Phases. 


It is elear that for the explanation of the phenomena discussed 
here, considerations as have been introduced by us of late, are 
indispensable. 

Phase-theoretical Considerations are inadequate here, but all the 
same it may be of use to represent the obtained results grapbically 


by means of A,x-diagrams. 
11* 
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Let us first eonsider the case that the metal zine is immersed in 
a hydrochlorie acid solution of ZnCl,; then it is the A-x-figure of 


the system Zn-H, that may serve for the graphical elucidation of 


the found result. 


Fig. 1. 


Zine. 


A A-x-figure holds for constant 7, P, and a constant total ion- 
concentration; for 7’ we choose here the ordinary temperature, and 
for P the pressure of 1 atm., the total ion-econcentration being put 
here at 2 norm. 

The situation of the point C, which represents the electrolyte 
which coexists with the zine phase and the hydrogen phase of the 
pressure of 1 alm., is found from the equation: 

RT .Byn tr Kı 
DEE Zn) ern 
from which follows: 


Kzi I: (Zur) 
K H (Hr) 
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or also from the equations for the product of solubility of zine and 
hydrogen: 
Ly.= (Zn) (6): 
and 
Ln,= (H)? (6) 
by putting (9)7. = (47,), in eonsequence of which: 
Lywr  (Zn;) 
Lm, (Hr) 


or 


(Zu) _ 2 ae — 102% 
(H,Y 7 109x-48 i 
When we put for a moment (Zn) =1, then: 
(H,) = 10. 

We see therefore, that tbe point € lies so much on one side that 
practieally it coincides with the zine:axis. Hence the line d, c, e or 
the line for the three-phase equilibrium zine-hydrogen-electrolyte lies 
practically on the same level as the point a, so that the measured 
potential difference of the zine, which contains a little dissolved 
hydrogen, and is besides covered with a layer of hydrogen, is 
certainly practically equal to the potential difference of the pure 
hydrogen-free zine, the measurement of which is impossible here. 

Let us now suppose that we immerse zine in an electrolyte, the 

composition of which, as regards the zinc- and hydrogen ions, is x, ; 
we then see, that zine cannot be in stable electromotive equilibrium 
with this liquid, but that hydrogen can. 
If, however, ‚the hydrogen did not appear as a new phase, but 
only dissolved in the zine, a metastable electromotive equilibrium 
would, indeed, be possible, viz. g f, but the potential difference 
wonld be more strongly negative than that of the three-phase 
equilibrium represented by the line d, ec, e. 

This metastable eleetromotive equilibrium does not appear, however; 
on the contrary, we observe a generation of hydrogen, and we will 
point out here in a few words, how the experimental fact is to be 
explained that under these eircumstances tbe potential difference 
zinc-electrolyte is equal to that which corresponds with d, c, e, or 
what is practically the same thing, with a. 

The explanation is this: when zine is immersed in the electrolyte 
of the eoncentration x,, the establishment of the three-phase equili- 
brium between the zinc phase, the electrolytes, and the hydrogen 
phase takes immediately place in the boundary layer. 
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Accordingly the eoncentration c prevails in the boundary layer, 
whereas the total concentration of the electrolyte is @,. 

The hydrogen ions now diffuse in the boundary layer, where for 
the maintenance of the concentration c the reaction: 

2H E2I>H, 
takes place, in consequence of which, as we have already seen, 
eleetrons and zine ions from the metal phase go into solution. The 
zince phase assumes internal equilibrium with great velocity, and 
consequently it remains unaltered during the hydrogen generation, 
and the measured potential difference is that of the three-phase 
_ equilibrium d,c,e, which practically agrees with that of pure zine, a. 

When a platinum electrode is placed in the same electrolyte, it. 
indicates the hydrogen-potential which corresponds with the line 
mn. The zine electrode and the hydrogen electrode present therefore 
entirely different potential differences in the same electrolyte. 

This is the graphical elucidation for our conclusion that the 
potential difference of zinc with respect to a solution of ZuCl, acidified 
with hydrochlorie acid is determined by the state of internal equili- 
brium of the zince. 


Nickel. 


Let us now proceed to the case that instead of zine the metal 
nickel is taken; then it is wortby of note in the first place that 
under the same circumstances we then find for the composition of 
the electrolyte c 


Ki: > Ines (N) 30 Men 106 
RR 
When we now put (Ni,)=1, we get{H ?=10" or (HZ )= 10°. 

Here, too, the electrolyte c has still a one-sided position. Let us 
assume that the adjoined figure 2 again holds for 18°, and a pressure 
of 1 atm. for a total-ion concentration of 2-norm.; then an entirely 
different phenomenon is observed on immersion of a nickel-electrode 
in the electrolyte of the concentration «, than in the case with zinc 
discussed just now, because the internal equilibrium in the metal 
surface cannot maintain itself when electrons and nickel ions go 
into solution. 

The metal is more and more disturbed in noble direction, and the 
result is, as we demonstrated already, that the eleetron-eoncentration 
of the nickel equilibrium in the solution has become equal to the 
electron-concentration of the hydrogen-equilibrium in the electrolyte, 
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in which the potential difference of the nickel electrode has become 
equal to that of the hydrogen electrode. This may be graphically 
represented in the way as has been done in fig. 2. 


.. X T . 94° 


Fig. 2. 


Ni 


In consequence of the disturbance point d has got in point d’, 
and represents, therefore, the ennobled nickel phase which coexists 
with c’ and the hydrogen phase e’. 

It could be derived from our considerations how we have to 
proceed when we want to know the potential of the unary nickel, 
or in other words the equilibrium-potential. Then the nickel is to be 
brought into a solution with a hydrogen-ion-concentration, smaller than 
that in the electrolyte c. Then our A,AÄ-diagram 3 shows that under 
these ceircumstances e.g. the electromotive equilibrium between the 
nickel phase d" and the electrolyte c” will be established, the potential 
difference of which practically coineides with that of the unary 
metal, which is perfectly free from hydrogen and indicated by a. 

It is necessary to point out that when a metal is in electromotive 
equilibrium with a coexisting electrolyte, the electron-concentration 
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of the metal equilibrium must always be equal to the a. 
coneentration which exists in the liquid in consequence of the other 


prevailing equilibria. 


ee 


Fig. 3. 


In this case we may say, that the metal is really in equilibrium 
with the electrolyte. When the metal dissolves in an acid, or when 
a metal is deposited, the just mentioned equality of eleetron-concen- 
tration prevails only in the boundary layer between metal and 
eleetrolyte, and diffusion takes continually place in the boundary layer. 

The just mentioned equality ofthe indicated electron-concentrations 
must, therefore, also exist when in the case mentioned just now the 
metal nickel has got in equilibrium with the eleetrolyte. Of course 
there are always some transformations required for this, but these 
are soon over, and can, therefore, not give rise to a permanent 
disturbance, at least if the solution has been freed as much as 
possible from air and hydrogen by boiling in vacuum. 

We have acted upon this prineiple, and, as was communicated in 
the preceding paper by Mr. Losrkyr pr Bruin and myself, by this 
procedure the equilibrium-potential was found of nickel that eontained 
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only a trace of hydrogen, so that the found potential difference will 
practically very certainly agree with that of the purely unary metal. 

It is supposed here that the potential difference between nickel 
and the nickelsalt solution with the exceedingly small hydrogen-ion- 
concentration, is measured after the electrolyte has been heated with 
the nickel eleetrode in vacuum, after the whole apparatus has been 


» 
e 
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e 
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A- 
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Dr 9H 
Fig. A. 


filled with the electrolyte and connected with the 1 N. Calomel 
elecirode by means of a siphon and a liquid circuit, so that the 
pressure under which the electrolyte is, amounts to 1 atım. also in 
this case. 

An entirely different result is obtained when the foregoing measure- 
ment does not take place in vacuum, but in a hydrogen current. 

In this case the nickel electrode is disturbed, but the disturbance 
does not take place now in a noble direction, butin a base direction, 
and as we showed before the potential difference. of the nickel has 
again become equal to that of the hydrogen-electrode. This result 
can again be brought to expression in an exceedingly simple way 
by means of a A,X-fig. 4. i 
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When we lead hydrogen through the electrolyte, of which the 
concentration «, lies on the lefthand of the point c, the potential of 
he hydrogen-electrode is indicated by the line c’e’. In this mode 
of procedure the nickel electrode gets in contact with gaseous 
hydrogen, and in the boundary layer which is simultaneously in 
eontaet with nickel and hydrogen, the electrolyte c will be formed 
in consequence of the reaction: 

H,n>2HrL + 20L, 
while eleetrons and nickel ions (and a few hydrogen ions) are 
deposited on the metal. This renders the metal »baser superficially 
and both the three-phase equilibrium dce and the point a rise. 
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Fig. 5° 


This disturbance in base direction continues till the concentration 
of the electrolyte has become equal to that-in the boundary layer. 
This is the case when a three-phase equilibrium has formed of 
which the electrolyte possesses the concentration &,, hence at the 
place where the curve de interseets the vertical which corresponds 
with this concentration. As fig. 5 shows, this takes place in point c’ 
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and the three-phase equilibrium, which therefore finally is established, 
is here indicated by the points d’c’ e. Accordingly also in this case 
the potential difference of the nickel electrode is equal to that 
of the hydrogen electrode. 

When we now consider the metals of which the unat- 
tackable electrodes consist, we need only remark that because as 
was just now demonstrated, these metals äre ideally inert, the 
potential difference metal-electrolyte is in almost all cases exclusively 
determined by the electron-concentration in the electrolyte. Hence, 
when e.g. a platinum electrode is immersed in an electrolyte through 
which hydrogen is led, the platinum shows ihe hydrogen potential 
almost immediately, which was the case for nickel only after some 
time had passed. When we want to express this graphically in a 
A, X-fig., we get, of course exactly the same representation as for 
the case nickel-hydrogen. Be 

That in aqueous solutions we cannot determine the equilibrium 
potential of platinum, whereas this is still possible for nickel is 
owing to this that the electrolyte c has such an one-sided situation 
for platinum-hydrogen, that an aqueous solution of a platinum salt 
always possesses a concentration on the righthand side of the point 
c as regards the platinum and the hydrogen ions, so that a disturb- 
ance must always take place. 

In a subsequent communication 1 hope to enter into a fuller 
diseussion of the phenomenon of the “super-tension”, which has 
already been repeatedly referred to in our considerations without 
having been named. 


Amsterdam, March 1918. General Anorg. Chemical Laboratory 
of the Unwersity. 


Anatomy. — “On the Nervus Terminalis from man to Am- 
phioxus.” By Prof. J. W. van WiJsHR. ') 


(Communicated in the meeting of April 26, 1918). 


Although hardly eredible, it is a fact that a good three years ago 
— in 1914 — a new nerve, arising independently in the brain, 
was discovered in man. This is the Nervus Terminalis. Naturally 
it is not visible to the naked eye, but can be seen through the mag- 
nifying glass, especially through the disseeting mieroscope, witb the 
aid of which its discoverer, tlıe American - BROOKOVER found it. 
(Journ. of Comp. Neurology. Vol. 24.) 

It has its course through the pia mater, parallel and mesial to the 
olfactory bulb and tract, running. over the middle of the gyrus 
rectus (vide fig. 1.) When a reetangular piece of the pia mater 
in this region is taken up and placed under the mieroscope, the 
fine fibres of this nerve can be seen. Here and there the fibres 
are retracted from each other to come together again later on. 

The nerve is independent of the olfactory tract and bulb, and in 
the opinion of BrooKovEr enters the brain at the mesial root of the 
tract. A number of ganglionie cells, BrooKovsr taxes their number at 
about 50, lie spread in the nerve in its course along the olfactory 
tract. 

The nerve can be’ followed not only along the tract but also some- 
what further distally along the olfaetory bulb, but in this vieinity it 
is embedded in the dura mater, while it has here also partially 
pierced the former and lies on the lamina eribrosa. 

In the vieinity of the bulb the number of its ganglionie cells is 
eonsiderably larger than is the case along the traet. It was estimated 
by Broorover at about 100 to 200 cells. Undoubtedly its branches 
pass through the mesial row of openings in the lamina eribrosa to 
the mucous membrane of the nasal septum, but the research did not 
extend as far as this. 

In adult man the course of the new nerve is as yet known in 
the brain-case only, not on its outside. °) 


') Lecture delivered before the meeting of the Neth. Zoological Society, Jan. 26, 
1918. 


?) Vide, however, the postseript at the end of this article. 


" RER 


ee VE 


173 


As was (0 be expected, in the adults of the mammals the nerve 
was not first found in man. The dog and the cat (Me. CorTrTkr. 
1913.) and the rabbit (Husger & Griro. 1913.) were the first, but it 
is remarkable that in the embryonie stages of the mammals the human 
embryo was the first in which, although incompletely, the nerve was 
discovered. This was done .by our countryman Ernst DE Vrıes, 
who also observed it in the embryos of the guinea- pig. He described 
his research (published in the Proceedings of the Royal Academy 
of Seiences of April the 22nd 1905), which also drew much attention 
abroad, in an article of four pages, which proves that it is not ne- 
cessary .or even desirable to be loquacious when one has found 
something of importance. 

Dr Vrıes found ganglionie cells spread in the course of the neive 
which supplies the organon vomeronasale, (the organ of JacoBson, or 
better the organ of Ruysch) ‘) near the base of the nasal septum. 
He moreover found that the so-called olfactory ganglion, by him 
called the ganglion vomeronasale, does not belong to the fila olfac- 
toria, which are taken collectively as the true olfactory nerve. 
In his opinion it belongs to the N. Vomeronasalis, which supplies 
Ruyscn’s organ, lined by a layer divided off from the nasal 
mucous membrane. As the vomeronasal nerve also enters the central 
nervous system at a different place — the area vomeronasalis — than 
do the fila olfactoria, DE Vrızs drew the conelusion that the N. Vo- 
' meronasalis is not, as was the general opinion, a component part 
of the olfactory nerve, but an independent nerve, homologous to 
the N. Terminalis in the fish. 

A serious difficulty to this explanation however is that, according 
to the illustrations of pr Vrırs, the N. Vomeronasalis issues from the 
olfactory bulb, while the N. Terminalis of the Dipnoi and the Se- 
lachii issues out of the true hemisphere and not out of the bulb. °) 

This diffieulty seems to have escaped pr Vrizs’s notice. On the 
first page of his publication he rightly distinguishes between the 
olfactory lobe and the hemisphere, which are separafed from each 
other laterally by the fissura rhinica, and mesially by the fissura 
prima. On pages 3 and 4 he states that the area vomeronasalis, 
where the nerve of this name enters the brain, belongs to tbe he- 
misphere. According to his own communication and illustration, 
however, this area lies at the suleus eireularis bulbi, hence not on 


1) Coneerning Ruyscn’s organ see postscript at the end of this paper. 
2) Entering and issuing out of a nerve are used in this address, indiscriminate 


of the direction in which the impulse moves. 
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the hemisphere, but on the olfactory lobe. In young embryos the 
tract is thieker than the bulb, later on this relation is reversed. 

It was therefore very desirable that more light were thrown on 
the question whether the vomeronasal nerve should be considered 
as the homologue of the N. Terminalis of the fishes. 

This happened in 1913 in America, more especially through two 
publications viz. of Jomsston in the Journ. of Comp. Neur. Vol. 23. 
and of Huser & Gump in the Anatomical Record Vol. 7. ') 

Jonsnston examined embryos of the pig, the sheep, and of man. 
Besides mammals he also examined embryos of tortoises and a larva 
of Amblystoma. 

The elueidation which Jonsston brought,. consists herein that (as 
he found) the ganglion and the ganglionie cells do not belong to 
the N. Vomeronasalis, but to another nerve, which does not enter 
the brain in the olfactory bulb, but in the true hemisphere, near or 
in the lamina terminalis, as is the case in the Selachii. 

What or Vrıus had considered as one nerve, was in reality two 
nerves which for the greater part cover each other; one is the N. 
Terminalis, the other is the true N. Vomeronasalis. 

The vomeronasal nerve has no ganglionie cells and arises out of 
the cells of a part of the nasal mucous membrane which had been 
split off (Organon Vomeronasale). In structure and development 
it is exactly similar to the bundles of the olfactory nerve. It also 
enters the brain in the olfactory bulb, just as the fila olfactoria, 
which eollecetiyely form the olfactory nerve. It is true that it enters 
the bulb at a special place, on its mesial plane rising high up 
caudally, but then it is a specialised bundle of the olfactory nerve. 
The peripheral ganglionie cells and the true ganglion belong to the 
N. Terminalis. 

DE Vrıes’ mistake is easily comprehensible; he used no special 
methods to make the nerves visible, could not expose his material 
of human embryos to this risk and was thus eompelled to consideı 
the proximal ‘end of the N. Vomeronasalis (split into four bundles 
according to him) as a root of the Ganglion Terminale, by him 
incorreetly called the Ganglion Vomeronasale, which is as it were 
pasted ‚up against it, while the true roots of this ganglion escape 
observation in eross section through their fineness. That it is possible 
to make mistakes even when using nerve-staining methods is proved 
by the work of Dörnken (1909). He examined embryos of mice, 
rabbits, guinea-pigs and man. Following in the footsteps of DE Vrıks 


') Further literature is found mentioned in these publications. 
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he also took the roots of the N. Vomeronasalis to be those of the 
N. Terminalis. 

Regarding the mouse he says “Die sog. mediale Riechwurzel von 
der bereits Casar, Kaprers u. A. behauptet haben, sie sei nicht als 
eigentliche Riechwurzel zu bezeichnen, ist eine Wurzel des N. Ter- 
minalis”. No wonder that he continues “Sie hat bedeutende Beziehun- 
gen zum Olfactorius”. 

The second important elueidation appeared, as has already been 
said, in a communication, also in 1913, of Huser and Gvip, who 
had come on this subject ä propos of ihe work of Jonnston, which 
had partly been done in Huser’s laboratory. 

These writers examined rabbit embryos by the silver-pyridine 
metbod. They could fully confirm Jonnston’s results that the N. 
Terminalis and the N. Vomeronasalis were two different nerves, and 
that the ganglion and the disseminated ganglionie cells belong, not 
to the N. Vomeronasalis, which is evidently a specialised bundle of 
the olfactory nerve, but indeed to the N. Terminalis. 

While Jonnston however was still of opinion that the peripheral ter- 
mination oftheN. Terminalis was limited, prineipally in any case, to the 
region of the N. Vomeronasalis, these investigators discovered that 
this ending is to be found in the foremost part of the nasal septum, 
reaching caudally to the rear border of the Organon Vomeronasale. 
It is only a small part of the peripheral branches that reaches this 
organ and the true olfactory mucous membrane, the region of the 
fila olfactoria, was free from branches of the N. Terminalis. 

Through difference in tint the branches of tlıe Terminalis could 
well be distinguished from those of the Trigeminal nerve (Nasociliary 
and Nasopalatine), which are also found in the mucous membrane 
of the nasal septum. 

As will presently become clear, it is of importance in following 
the nerve to Amphioxus, that the N. Terminalis does not branch in 
the olfaetory mucous membrane. 

In 191% and 1913 Mc. Correr published his investigations on the 
N. Vomeronasalis and the N. Terminalis. By means of the dissecting 
microscope, thus as it were at magnifying glass magnification, he 
found the latter in the adult dog and cat, but not in the rat, the 
rabbit, the sbeep, the guinea-pig or the oppossum. That he did not 
find it is not to be wondered at considering his method. His opinion 
that the N. Terminalis ends peripherally.at or near the vomeronasal 
organ is also comprehensible because the bundles here are thicker, 
the fibres of the N. Terminalis being strengthened by those of the 


vomeronasal nerve. 
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This much as regards the mammals, which I have considered 
somewhat more extensively as most, and to my mind the most 
accurate, investigations have been done on them. 

"I can be brief about the birds, reptiles, and amphibians. 

There does not seem to be much known about the N. Terminalis 
in the bdirds. 

In the /rog it was found in 1909 by C. Jupson HERrRICK, 
who also described its central termination more especially ; its 
peripheral branches could not be traced aceurately. This was also 
the case in the Urodela, where the nerve was observed by Mc. KıBBEN 
(1914), who could not however find any ganglionie cells in it. Some 
time later Jonnston succeeded in this. He says “In Amblystoma the 
nervus terminalis is ganglionated and supplies the vomeronasal organ, 
as in reptiles and mammals’”’.- Concerning the reptiles he says that 
the peripheral termination takes place “in the turtle to a medial 
divertieulum of the nasal sac, which presumably corresponds to the 
vomeronasal organ or a part of it”. 

We now come to the jishes wherein, setting aside an isolated 
observation by G. Fritsch about one of the Selachii, the nerve was 
first found by Pınkus in Protopterus. His preliminary communication 
appeared in 1894 in the: “Anatomischer Anzeiger” and was followed 
in 1895 by bis elaborate treatise “Die Hirnnerven des Protopterus 
annectens” in the “Morphologische Arbeiten”. Pınkus found that his 
new nerve originates in the brain, places itself rostrally against the 
most mesial bundle of the olfactory nerve, takes its course over the 
nasal mucous membrane and is to be followed to the roof of the 
anterior nasal opening. The nerve consists of nonmedullated fibres 
and has in its course a cellular swelling, which is undoubtedly the 
Ganglion Terminale of later writers, although Pınkus could not 
eonvince himself of the ganglionie nature of the cells. 

SEWERTZOFF (1902) found the nerve in embryos of Ceratodus. He 
mentions the fact, of importance for the homologisation, that the 
nerve does not branch in the olfactory mucous membrane and that 
it terminates in the skin at the external nasal opening. Soon (1904— 
1905) Bına and BurckHArpr deseribed the nerve in the adult Cera- 
todus also. 

Concerning the Selachiüi the treatise of Loc, whieh appeared in 
the “Anatomischer Anzeiger” after several smaller publications, is 
well known. In this treatise, which is accompanied by a large number 
of handsome illustrations, he described the structure and development 
of the nerve in Acanthias as seen in series of sections, as well as 
its course as {his is to be seen, by means of the disseeling mieroscope, 
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‘ın 20 genera of sharks and rays. At first he held the nerve to be 
a part of the olfactory nerve, but later on he recognised its homology 
to the new nerve of Pınkus, and called it the N.. Terminalis. 

In the Selachii the distance between the nasal sac and the olfactory 
bulb is small, hence the olfactory nerve is short. Immediately on its 
appearance out of the nasal sae it is separated into a lateral and a 
mesial bundle by a small groove into which the distal termination 
of the N. Terminalis enters. 

Scoliodon terrae novae alone has something peculiar. Here the 
two bundles are not only completely separated from each other, but 
the division also continues on to the bulb, and even to the distal 
(foremost) end of the tract, which usually is long in the Selachii. 
After the N. Terminalis of the Selachii has made its appearance out 
of the hemisphere, it takes its course along the mesial border of 
the tract, and when it has reached the bulb it forms a ganglion. 
In some species two ganglia were observed in the course of the nerve. 

Locy assures that the nerve in its distal ramifications is prineipally 
limited to the olfactory mucous membrane, but to my mind he has 
not proved this. His method was not sufficient to do this, and 
eonsidering the results of other investigators in other classes of 
animals this assertion needs corroboration - by preparations treated 
with silver compounds. 

In the Ganoids the N. Terminalis was first found and clearly 
represented by Pnerps Arnıs (1897, fig. 64) in Amia calva. He could 
follow it eaudally up to the fore-brain. In the larvae he also found 
its ganglion. 

In 1910 Brookovzr described its development in these fishes. His 
 investigation contains many new finds and interesting communications, 

but his eonelusion that the nerve is a branch of the olfactory nerve 
cannot in my opinion be correct. In his work in 1914 on the nerve 
in Lepidosteus he also came to this conclusion. 

In the Teleostei Suzıpon and Brookovzer (1909) found the nerve 
in the carp and in Amiurus. According to them the roots of the 
ganglion enter the olfactory bulb to reach the hemisphere, eontained 
in the traet. Here however the question arises whether they have 
not made a mistake analogous to that of pr Vries in the embryos 
of man, as this is not the condition in the Dipnoi, in the Selachii, 
in the amphibians or in the mammals, nor either in man according 
to what Brookover himself (1914) found in the last-named. 

Concerning the lungfishes I can here demonstrate to you two fine 
models of the fore-end of the brains, with the nerves arising there- 
‘from, of Ceratodus and Protopterus, both eonstructed by Dr. van DER 

12 
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Horst in the Institute for Brain Research of Dr. Arıkns KAPPERs, 
who was so kind as to lend them for this evening. One sees the 
N. Terminalis arising out of the hemisphere, and running rostrally 
quite independent of tbe olfactory lobe, as is also the case in man 
according to BRrookovEr (c.f. fig. 1). 

Finally I come to Amphioxus, on whose cerebral nerves-l published 
a communication in the meeting of the Royal Academy of October 
the 27th: 1894. As is known the trigeminal nerve of the craniata 
forms a complex of two dorsal segmental nerves, the components 
being the N. Ophthalmieus profundus (N. Nasociliaris) and the rest 
of the N. Trigeminus. I found both these eomponents in the two 
nerves, of which the one appears before and the other behind the 
first well developed myotome (which has morphologically to be 
considered as the second). Before the homologue of the profound 
ophthalmieus, however, there is in Amphioxus still another nerve 
which supplies the utmost point of the snout. On account of this 
and because it arises from the morphological fore-end of the cerebral 
ventriele I called it the N. Apieis. 

At first I tbought that the N. Apieis would be aborted in the 
higher chordata, but shortly before the publication of my article the 
.preliminary communication of Pınkus appeared (Anat. Anz. 1894), 

in which he reported the discovery of a new nerve in Protopterus, 
later named the N. Terminalis by Locr. 

This had to be considered the homologue of the N. Apieis consi- 
dering its course, ramification and origin, not from the infundibulum 
as I coneluded out of the preliminary communication, but near the 
Lamina Terminalis as became clear when ‚the more extensive treatise 
appeared the next year. 

I must acknowledge that I have later on sometimes doubted 
whether this homologisation were correct, when I read the investi- 
gations of Locr in the Selachii, of Brookovkr and SHELDON in the 
Ganoids and Teleostei, and of Ernst pr Vrıes and DÖLLKEN in the 
mammals, because all these writers assert/that the peripheral ter- 
mination of the N. Terminalis is wholly or prineipally limited to 
the olfactory mucous membrane (or in mammals to the vomeronasal 
organ, which is covered by a split-off part of the olfactory  mucous 
membrane). In Amphioxus on the other hand the N. Apieis stands 
in no relation whatever to the covering of the olfactory groove. 

After however reading the research of Huser and Gvino (1913) 
this doubt was dispelled. 

Their illustration (e. f. ig. 2) shows the N. Apicis of Amphioxus 
in the rabbit — I could almost say “in optima forma”, even to the 
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Fig. 1. Shows the lower surface of the foremost part of the brain 
of man and the intracranial part of the N. terminalis. (According to 
a fisure of BROOKOVER, slishtly modified). 
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Fis. 2. Shows the mesial surface of the risht olfactory lobe and 
of the contiguous part of the hemisphere with the nerves which 
radiate from this into the septum, after a combination of sagittal 
sections in the rabbit. (After a fig. of HusEr and GuiLD, slightly 


modified). 
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disseminated ganglionic cells, which h 


ave already been long known 
in the N. Apicis. 


As the N. Apieis is an ordinary cutaneous nerve ‘), the relation 
in which the N. Terminalis stands to the olfactory epithelium in 
some of the higher animals must be of a secondary nature. It is 
even possible that the terminal ramification of the nerve has become 
prineipally limited to the olfactory mucous membrane, as appears 
to be the case in many fishes. 

Thus has the N. Terminalis completed its course through science 
in 20 years (1894 —1914) beginning in the lung-fishes, I may as well add 
in Amphioxus, and ending in man. It can no longer be doubted that 
we have here to do with an independent cerebral nerve and not 
with a bundle of the olfactory nerve. In most or all of the craniata 
however branches of both nerves run elose alongside of each other, 
and on account of this it is diffieult to distinguish their .peripheral 
distribution. 

From Amphioxus to man the N. Terminalis is provided with 
disseminated ganglionic cells, which can partly be gathered together 
to one or more ganglia. On the other hand the olfactory nerve 
(ineluding its specialised bundle, the N. Vomeronasalis of the Amniota) 
is distinguished by the complete absence of ganglionie cells. 

At the end of this summary I want here to express my thanks 
to Dr. Arıöns Karppers, who was so kind as to send me for perusal 
a dozen treatises on the N. Terminalis, nearly all of American 
investigators, which have become the occasion of this address. 


BEOSITISOCREEM UM: 


Early in March Dr. Karpers sent me for perusal a copy of a 
new work by Brookovzr, which he had received a few days earlier: 
“The Peripheral Distribution of the Nervus Terminalis in an Infant” 
(Journal of Comp. Neurology Vol. 28 N. 2). 

BrooRovsRr found the branching of the N. Terminalis in the nasal 
septum of the child analogous to that in the rabbit, according to 
Huser and Gum», only much more strongly developed. In it he 
could count about 1500 ganglionie cells, not considering the Ganglion 


1) It is a well known fact that ganglionie cells are found not only in the first 
but also in the second cutaneous nerve (N. Ophthalmicus prof.) of Amphioxus. 
De QuarTkErFAGES discovered them here in 1845 already, but held them for mucous 
eryptes, “cryptes mucipares”. Incorreetly it is assumed that peripheral ganglionic 
cells are not present in the other nerves. I found multitudes of them in Ihe nerves 
running under the atrial epithelium which covers the intestine and the liver. 
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Terminale. This ganglion was a compound of 6 to 8 ganglia, com- 
bined by a net of nervous fibres. 

He mentions nothing about a N. Vomeronasalis, but found a stout 
nerve without ganglionie cells, which, with a branch of the N. 
Terminalis, passes through one of the hindmost openings of the 
Lamina Cribrosa to the nasal septum and anastomoses peripherally 
with the N. Nasopalatinus. 

BrooKoVRR considers the above-named stout nerve as asympathetic 
anastomosis between the Ganglion Sphenopalatinum and the Ganglion 
Terminale. To my mind this nerve is the N. Vomeronasalis, which 
has then not been aborted after birth, in man, as was hitherto the 
general opinion. In: case this eonjeeture is correct, it must arise behind 
in the olfactory bulb and supply the vomeronasal organ. 

This organ is generally ‘present in the vertebrates higher than the 
fishes '), and seems to be a product of adaptation to terrestrial life. 
It first appears in the amphibians, and has been lost or is present 
only in the early stages of development in the higher forms which 
have secondarily become aquatie again (erocodiles, partly also the 
Chelonia, the Cetacea, and the Pinnipedia). 

Flying also seems to be unfavourable for the development of the 
organ (birds and some — not all — of the bats). 

The organ is usually named after Jacosson, who found it inde- 
pendently in a large number of mammals, and who also discovered 
the N. Vomeronasalis. His work became known through the report 
Cuvier made on it?). 

After the considerable praise which Cuvirr bestows on the work, 
for a part done in his laboratory, one would expect at the end of 
his report to the “Institut”” the advice to have the treatise of JacoBson, 
“pensionnaire et chirurgien-major dans les arme&es de Roi de Danemark”, 
printed. The end of the report, however, reads as follows: “Nous 
. eroyons que le Memoire de M. Jacogson merite l’approbation .de la 
classe [de l’Institut] et que cet anatomiste doit etre invite A continuer 
des recherches, qui ont deja fourni un resultat aussi eurieux”. 

This encouragement does not, however, seem to have had the 
desired result. At least it is not known that Jacorson has published 
his treatise, enlarged or not. » 

For the rest Cvvırr makes a mistake in believing that nobody 
had observed the organ before JacoBsox, and that it is not present 


!) Gf. R. WIEDERSHEIM, Vergleichende Anatomie der Wirbeltiere, Jena, 1909. 

?) G. Guvier, Rapport fait & l’Institut, sur un M&moire de M. JacoBsox intitule: 
Description anatomique d’un Organe observ& dans les Mammiferes. Annales du 
Museum d’Histoire naturelle, Tome 18,,1811. 
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in u It has escaped his attention that Ruvsch, who is eited by 
him & propos of the Meatus Nasopalatinus, (l.c. p. 414. He writes: 
RuiscH) is the discoverer of the organ, and just in man in whom 
it is normally present as was corroborated later on. 

KÖLLıker') and HerzreLd®?) found it regularly in children while 
it is seldom wanting in adults. When this was the case it had 
probably to be ascribed to former diseases of the nasal septum. 

The deseription of Ruvsch®), who also gives a clear representation 
of the orifice of the organ, with a sound brought into it, on the 
nasal septum of a child, reads as follows: “In anteriore et inferiore 
parte septi juxta palatum in utroque latere foramen apparet, seu 
‚osculum eujusdam ductus de cujus usu et existentia nil apud authores 
legi; inservire muco excernendo existimo”. 

JacoBson also, not knowing RurscH’s work, is inelined to consider 
the organ as being secretory, although the powerful innervation 
pleads for a sensory function, but (l.e. p. 422): “quel agent exterieur 
pourroit aller se faire percevoir dans un receptacle si cache, si profond, 
si peu accessible ?” 

Cvvisr himself still thinks — under reserve — he has to accept 
a kind of olfactory perception and the later writers do this too. It 
is usually assumed that the organ serves to smell the food which 
has already been taken into the mouth; in mammals the odour 
would then rise up through the Meatus Nasopalatinus. This can 
however not be the case in the horse or the donkey (nor in the 
camel or giraffe), because here the Meatus is no longer opened to 
the buccal cavity, while their Organon Vomeronasale cannot be held 
to be rudimentary as is the case in man. BIN? ® 

The seeretory function is evident on account of the numerous 
glands (KöLLıker, 1. ec. p. 11) which fill the organ with mucus, which 
streams out through eiliary motion, but the diffieulties against accepting 


1) A. KöLLIıKER, Ueber die Jacobsonschen Organe des Menschen. Reprinted 
from the Festschrift für Rınecker, Leipzig 1877. 

2) P. HkRZFELD, Ueber das Jacobsonsche Organ des Menschen und der Säuge- 
thiere, Zoologische Jahrbücher, Abth. für Anat. und Ontogenie der Thiere Bd. 3, 1889. 

HERZFELD gives a summary of the mammals in which the organ had been 
found by him and others up to 1889, also in connection with the meatus 
nasopalatinus. He might have added that JacoBson had also already observed it 
in the marsupials (kangaroo). Later on it was also found in the Monotremata 
and Edentata. | 

s\F. Ruvsch, Thesaurus anatomicus Ill, Amstelodami, 1724, p. 26, N’. LXI,5. 
Illustration: Tab. IV, fig. 5. 

KöLLIKER (1877) cited the description, mentioned above, from an edition of 
1703 p: 49; hence more than 100 years before CuviER’s repoit. 
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an olfactory function, already hinted at by. Jacosson, and which 
KÖLLIKER tries to evade in a peculiar manner, are not {0 be got 
out of the way. ' 

In this regard an observation of HerzreLp in connection with the 
venous sinus, with a strong eircular layer of nonstriated muscular 
fibres, whieb is found in the wall of the organ of the rat on the 
inner side of the bony capsule, — cartilaginous in the majority of 
the mammals — seems to me worthy of attention. He assumes that 
the air will be sucked into the organ through contraction of the 
sinus and the lessening of the volume of the wall, inside the rigid 
capsule, caused by this. 

If this appears to be the case in other animals also — tbe oppor- 
tanity for research will probably present itself in a veterinary college — 
then a sort of olfactory funetion would become comprehensible. It 
would then also become clearer why the Cetacea and Pinnipedia 
are nearly the only') mammals in which the search for the organ?) 
of Rurscn has been in vain. 

It is comprehensible that the Cetacea and Pinnipedia have lost 
the true olfactory organ, adapted to aquatic life in earlier fishlike 
ancestors, it became adapted to smelling in the air in later ancestors, 
which lived on land as mammals, When these, in a still later 
period, again went back to aquatie life, as Protocetacea and Proto- 
pinnipedia, the true olfactory organ could not undergo this change 
and became rudimentary or disappeared altogether. If the organ of 
Rursc# in terrestrial mammals is always filled with liquid (mucus), 
and does not need to adapt itself to smelling in the air, then there 
is not the same reason for its disappearance in (he Cetacea and 
Pinnipedia as there is for the degeneration of the true olfactory 
organ of the Üetacea. 


!) One would expect the Sirenia here also. It is remarkable however that Manatus, 
according {io STAnnıus (Lehrbuch 1846, p. 399) possesses an exceptionally well 
developed Organon Vomeronasale. In some bats and catarrhine apes the organ has 
disappeared Ihrough some cause or other, as in the Cetacea and Pinnipedia. 

?) The numerous morphological investigations on this organ have taught us 
very little about its function. On histological grounds a sort of ‚olfactory function 
is not to be doubted, (c.f. amongst others M. von LenHogssex, Die Nervenursprünge 
und Endigungen in Jacobsonschen Organ des Kaninchens. Anat. Anzeiger. 1892). 
This is about the only result, concerning the function which we can, after about 
200 years, add to the words ofthe discoverer: “Inservire mucn excernendo existimo.” 


Microbiology. — “The significance of the tuberele bacteria of the 
Paptlionaceae for the host plant’. By Prof. Beiswrinek. - 


(Communicated in the meeting of April 26, 1918). 


As there is no reason to doubt of the accuracy of HrLurırerıs ') 
experiments, it appears certain that the bacteria of the nodules on the 
roots ofthe Leguminosae are indispensable for the fixation ofatmospheric 
nitrogen by these plants. °) But I shall prove that the. theory, at 
present generally adopted, according to which this process takes place 
only within the tubereles, cannot be correct. But previousiy some 
remarks on the occurrence of the tubercles and the eultivation of 
bacteria from them. 

For some plant species such as serradella (Ornithopus sativus) and 
the yellow lupine (Zupinus luteus), it cannot be doubted that only 
the tuberele-bearing specimens grow vigorously in nitrogen-poor soils 
and consequently, after the theory, fix the atmospherie nitrogen. It 
is therefore easy on poor heath fields to find languishing, stunted 
lupine plants, always devoid of nodules, amid the luxuriantly growing 
tuberele-bearing_ ones. Never did I find there well-developed lupine 
or serradella plants quite without them. But the number of tubercles 
is of no eonsequence, it evidently suffices if only few come to 
development. 

In garden experiments on open sandbeds, without supply of 
nitrogen, but where inevitably more nitrogen compounds occur than 
in heath soils, also in peas and beans (Vieia faba), plants with 
nodules grow better than those devoid of them. 

In fertile garden soil such as in the laboratory garden at Delft, 
yellow lupine and serradella do not fully develop, and especially 
their roots make the impression of sickliness; tubereles do not 
grow on them, not even when the soil has been abundantly provided 


ı) H. Hevuriegen und H. Wırrartu, Untersuchungen über die Stickstoffnahrung 
der Gramineön und Leguminosen, Zeitschrift für Rübenzuckerindustrie, Beilageheft 
November 1888. See further the excellent treatise of Hırrner, Bindung von freiem 
Stickstoff in höheren Pflanzen, in Handbuch der technischen Mykologie, Bd. 3, 
1903— 1905. 

2) For the- objective proof that here free atmospherie nitrogen is fixed see, besides 
HELLRIEGEL (l. ec. p. 191), Scauösına et Laurent, Fixation de l’azote libre par les 
plantes, Ann. de l’Institut Pastleur, Tome 6, pag. 65, 1892. 
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with the eoncerned bacteria. Whether the latter die in the soil or 
are not attracted by the roots of the plant is not yel clear. Most 
other leguminous plants, such as clover, Viecia, peasand Vicia faba, 
bear also in fertile soil many nodules, and it is not easy to find 
speeimens wholly devoid of them, unless the soil has been previously 
 sterilised. 

On the roots of Genista anglica and Genista pilosa, growing on 
poor heath fields, I found after long seeking only very few tubercles, 
although they. and in particular the former, bore many 'pods with 
good seeds; the tubercles are, however, never quite absent. When 
sown in my garden at Delft or brought there as plants, they die 
after some few years. On the other hand, Genista tinetoria thrives 
as well at Delft as along the highway of Zutphen to Vorden and 
at both places bears a small number of nodules. 

For Robinia pseudo-acacia the favourable influence of B. radicieola 
only on the young plant, has been stated by NoBBE.') As to full- 
grown specimens on poor heath soil at Gorssel I could after long 
digging find but few tubercles, while at a small distance, but on 
somewhat better soil more tubereles occurred, but still so little 
numerous, that nobody would attribute to them any direct signifi- 
cance for such a large tree, had not the fixation of nitrogen in the 
tubercles become an inveterate belief. Sarothamnus vulgäris and 
Ulex europaeus behave in the same way as Robinia. On Phase- 
olus vulgarıs on sandy soils I found but few nodules, and then only 
on thin rootlets and nearly always enclosed by plant remains; in 
the pure sand the nodules are very rare. In garden soil at Delft 
Phaseolus produces no nodules, but it does in a there arranged 
sandbed; Zupinus luteus and Serradella behave likewise. 

When comparing the various mentioned plants, all noted in 
agriculture for their power of ameliorating the soil, as they contain 
in their dry substance nearly double the quantity of nitrogen found 
in other plants, for example the grasses; we come to the eonelusion 
that only for lupine and serradella the number and weight of the. 
tubercles is of some significance in regard to the whole weight of 
the plant. For other species they are of so little volume: that even 
if within them free nitrogen were fixed with great intensity, only 
an extremely little quantity of fixed nitrogen could be expected, whilst 
in reality this amount is very considerable. Hence the theory, at 
present generally accepted, after which the fixation takes place in the 


!) Hırtser l.e. Also Büseen, Bau und Leben unserer Waldbäume, 2te Aufl., Pag 
246, 1917. 
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nodules only, requires reconsideration. Also other experiences make 
this reconsideration necessary. But previously a few remarks on the 
isolation of the bacteria from the nodules and from other materials, 
and on the question of their specifieity. 

A very convenient medium for isolation was already described in 
1888, ') namely pea leaves- or elover-extract-gelatin with 2 °/, cane 
sugar. B. radicieola grows thereon in soft, white, non-liquefying 
colonies, while -B. ornithopodis from Ornithopus perpusillus, O. sativus 
or Lupinus luteus, when isolated in the autumn or in March, 
liquefy somewhat, as does B. herbicola. °) 

As a solid medium, poor in nitrogen compounds, I recommend a 
plate of: Tapwater 100, agar 2, cane sugar 1, starch 1, bipotassium- 
phosphate 0,05, in which, because of the albuminous matter of the 
agar, enough fixed nitrogen is present to cause a distinet growth of 
B. radieicola, but the colonies remain small. Later a little saltpetre 
or ammoniumsulphate may be added locally, which makes the 
tubercle bacteria like the other saprophytes thrive well, showing 
that they do not assimilate the free atmospherie nitrogen. Ifon such 
a plate eventually germs of Azotobacter, which is able to assimilate 
free atmospherie nitrogen, are present, these will grow quite well 
if no nitrogen compounds are added. Such nitrogen-poor plates are 
also useful to recognise the spore-bearing soil bacteria, which almost 
constantly appear at the isolation of B. radicicola. 

I only eall tuberele bacteria those species which develop mutually 
identie eolonies by thousands or hundreds of thousands from the exter- 
nally well-sterilised and cautiously crushed nodules. These bacteria 
derive for the greater part from within the cells. I consider the 
deviating and less numerous colonies obtained at the culture experiments 
as the produet of germs aceidentally present in the intereellular cavities 
of the rind of the nodules. ’) That the full-grown bacteroids cannot 
develop on the plates is well-known; hence bacteria may be expected 
from the tubereles only in the beginning of their development. 

It is an important and until now not yet sufficiently investigated 
eircumstance that from the tubereles of the same plant not always 
the same bacteria are obtained. So I found for Ornithopus perpusillus 


!) Botan. Zeitung. 1888 Pag. 764. 

2) Occasionally a great number of colonies of B. herbicola are obtained from 
the tubereles; whoever is unacquainted with this species may make misfakes in 
the isolation of B. radicicola. But even with this knowledge the isolation of 
serradella- and lupine-bacteria is difficult. Good descriptions of these forms do 


not exist. Br I, 
3) Besides B. radicicola B. herbicola can also occur within the living cells. 
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the bacteria I had isolated in March different from those grown in 
‘Oetober, whilst the tubereles came from plants growing side by 
side and being in the same state of development. With the yellow 
lupine and serradella I had similar results. In most other cases, 
however, for example with Pisum, Lathyrus, Vieia, and Trifolium, 
the similarity of the various mutually independently isolated stocks 
is so complete and the image of B. radıicicola can so distinetly be 
recognised, that the above observation requires nearer econfirmation. 
But we cannot now enter upon this point. 

When trying to isolate B. radieicola from materials other than 
the nodules, for example from the soil and from the dying surface 
cell-Jayers of the root, it proves very diffieult to recognise this 
speeies amid the numerous-other saprophytes, especially when the 
number of the germs of the different species is to be determined 
quantitatively. B. Jluorescens liquefaciens causes much trouble by 
the liquefying of the gelatin plates, and yet it is necessary (0 use 
these plates as on them the colonies of all the species lie free from 
one another, while on agar they are overgrown and rendered 
unrecognisable by 2. fluorescens, which extends strongly sideways. 

Concerning the question if only one or more species of tuberele 
bacteria exist the following. 

Already in 1892 experiments thereabout were made by the late 
HELLRIEGEL ') in the experimental station at Bernburg with pure eul- 
tures of the bacteria made by myself at Delft. Of his results HeLı- 
RIEGEL sent me two reports. In the first, dated 24 July 1892, he 
gives as “Augenblickliches Hauptresultat: “Es gelingt mit den 
Reinkulturen von B. radicicola var. Pisi oder von Vieia Faba, die 
Erbsen und Bohnen, und mit denen des Bac. radic. var. Lupin. oder 
Ornithopodis Lupinen und Serradella erfolgreich zu infiziren und zum 
Wachstum resp. der Assimilation des freien Stickstoffs zu bringen, 
und das ist was unsere anfängliche Behauptung bestätigt”. Already 
earlier Henerızsen had arrived at the conclusion that the bacteria 
of Lupinus and Ornithopus belong to a species different from that 
of Pisum and Vieia, which was also my own opinion. 

In later years many interesting experiments were made in this 
direetion, especially by Hıummer. Yet the evidence is unsatisfac- 
tory as it proved hitherto impossible in the sand ceultures ?) 
to bring Leguminosae to complete development by infeetion with 


!) He died 24 September 1895 of a stomach disease and was already suffering 
when I visited him at Bernburg in 1892, 

?) It is a well-known fact that the Papilionaceae, when cultivated in liquids, do 
not fix the atmospherie nitrogen indifferently whether they produce tubercles or not. 
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B. radieieola only and with exelusion of all other mierobes. Such 
cultures are always at the end of the vegetation period rich in 
various other species, in particular in B. luorescens liquefaciens 
and the nitrogen-fixing spore-forming Granulobacter (Clostridium) 
pasteurianem and Helobacter cellulosae. This observation holds g00d 
as well for the first experiments made by myself as for those of 
others, and this should never be lost sight of when reading the 
descriptions of the infection  experiments with the so-called “pure 
eultures”. It had not escaped -HEı.nrızerr’s attention, and we see it 
in all the photographs of his above mentioned treatise at the film 
of the glass vessels, wherein he eultivated his plants (in bright 
daylight), which film consisted of Chlorophyceae and various other 
. species of microbes, but he thought it of no consequence (. e. p. 
169). For myself I have observed in nitrogen-free sand, besides tlıe 
mentioned species, Chlorella and Cystococcus and sometimes also 
Palmella eruenta and many Cyanophyceae. Many of my later efforts 
to bring elover plants to complete growth on agar with nutrient 
salts and D. radieicola in large cotton-plugged ErLEnMeYER-flasks, 
failed as the plants ceased to grow before they blossomed, although 
the nodules developed very well. 


The tubercle bacteria do not fix the atmospherie nitrogen when 
eultivated in nutrient media. 


I will now call attention to my chief subject namely the want of 
power of the tuberele bacteria to fix the free atmospheric nitrogen. 
They do this neither when eultivated out of the plant nor within 
the nodules. 

Regarding the first point the experiment is very simple. We have 
but to erush the nodules and bring the thus obtained material into 
eulture soils used for the ordinary experiments to fix free nitrogen 
and then cultivate at 20° to 30° C.; or we use the pure cultures 
for: infection of the same media. A convenient medium is: Tapwater 
100, Glucose 2, Dikaliumphosphate 0,05, lime 2, fresh garden soil 
%. This liquid, to which the garden soil is added as a catalyst, 
must previously be sterilised to kill the germs of Azotobacter, Gra- 
nulobacter and Helobacter; notwithstanding the sterilisation, the 
soil preserves its catalytice power very little impaired. The spores of 
the nitrogen-fixing Helobacter and Granulobacter often adhere to 
the’ nodules and, when present, fermentation phenomena show that 
the experiments cannot be relied upon, B. radieicola not causing 
fermentation. Commonly, however, these fermenting and nitrogen- 
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fixing mierobes can be removed by thoroughly washing of the nodules 
with aleohol and water. In the course of many years | have experl- 
mented in this way with numerous species of tuberele bacteria, 
and with many modifications in the nutrient media as well in the 
temperature as in the source of carbon. Moreover I have, as said, 
tried to grow pure eultures of the bacteria themselves in the liquid 
culture medium as also on solid culture soils of various compositions, 
and at first I thought I had observed a rather considerable increase 
of these organisms. This inerease, however, proved to be really very 
slight, so slight that gain of atmospherie nitrogen is not proved, 
whilst the obvious augmentation of dry weight of the sown bac- 
teria derives from the formation of thick slime walls, that is of ni- 
‚trogen-free, cellulose-like substances around the hardly augmented - 
original protoplasmie material. ') 

Only when eultivating the microbes in plant extracts with cane 
sugar, wherein nitrogen compounds are evidently present, I could 
observe a very slight and by no means convincing increase of 
the total nitrogen rate of tlıe liquid in consequence of the growth 
of B. radieicola. But when performing these experiments I was 
not yet acquainted with the circumstance that laboratory air 
contains sufficient carbon and nitrogen compounds to be made percept- 
ible by the growth öf mierobes which can feed on them. This was 
afterwards demonstrated by Ir. A. van DELDEN and myself in our 
investigation on Bacillus (Actinobacillus) oligocarbophilus.”) 

There exists moreover an aörobie spore-produeing bacterium®), hard 
to kill by sterilisation of the nutrient Jiquids, which fixes free nitrogen ; 
at that time it was still quite unknown to me and even now itis very 
imperfectly understood. It may have been present at my experiments 
likewise as at those of other investigators who think they have 
observed fixation of free nitrogen out of the plant in the pure cul- 
tures of B. radicicola. 

With suffieient precautions the results of such experimentsare however 
always tbe same: The bacteria of the nodules do in no way fix the free 
atmospherie nitrogen. When the experiments are performed, not with 


!) The slime formation is of importance for the explanation of the “slime 
threads” (erroneously called “infection threads”) within the nodules. See “Die 
Natur der Fäden der Papilionaceönknöllchen.” Centralbl. für Bakteriologie. Bd. 15, 
pag. 928, 1894. 

%) Ueber eine farblose Bakterie deren Kohlenstoffnahrung aus der atmosferischen 
Luft herrührt. Centralbl. f. Bakteriologie 2te Abt. Bd. 10, pag. 33, 1903. 

°) Bacillus danicus, T. Westermann and F. Lönnis, Centralbl. f. Bakteriologie, 
2te Abt. Bd. 22, pag. 250, 1909). 
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nutrient liquids, but with a solid medium, the results are quite the 
same : fixation of nitrogen does not take place then either. Stress must be 
laid on the latter fact as it seems impossible to fix free nitrogen 
by the Papilionaceae when cultivated in liquid media even under 
the best eirecumstances and whether tubereles are prodnced or 
not. So it seems probable that for this process a direet contact with 
the air is necessary, which cannot be realised in the liquid eulture 
media, but very well in solid ones. 

Further it must be observed that the plate eultures of some of 
the nodule organisms, ') for example the forms from Pisum, Vieia, and 
Trifolium, on glucose-agar-potassiumphosphate plates, in absence of 
purposely added nitrogen compounds, at superficial view make the 
impression of being quite able to develop, but here too, it is 
only the formation of much wall substance, as already described 
above, and not of nitrogen-rich protoplasm, which explains the 
voluminosity of the colonies.’) With other slime-produeing bacteria, 
as B. radiobacter and dAerobacter viscosum, of. whieh it is quite 
certain that they cannot live on the atmospherie nitrogen, extensive 
colonies may likewise be grown on the said nitrogen-poor medium 
with fit carbon food. By a better nitrogen nutrition such colonies 
may even be greatly reduced in volume, the wall substance then 
serving as food under a strong increase of the bacterial protoplasm, 
which gives rise to very interesting experiments. It is only when 
being acquainted with these facts by personal observation that we 
can understand how in the literature so many statements can oceur 
on the nitrogen fixation by the nodule bacteria, which does not 


take place. 


Within the nodules the atmospherie nitrogen is neither fixed. 


The preceding gives rise to the question, whether the protoplasm 
of the host plant might be the catalyst that enables tlıe invading 
bacteria, in their bacteroidal state, to-fix the free nitrogen. However 
improbable this hypothesis may appear, being in contradietion with 


{he laws of heredity, still it deserves attention because the rate of 


1) The wonderful “experiments” of Maz& (Annales de l’Institut Pasteur 'T. 11, 
pag. 44, 1897, T. 12, pag. 1 and pag, 128, 1898), who asserts that on broth 
gelatin plates at the same time ammoniumcarbonate is produced and fixalion of free 
nitrogen by B. radicicola takes place, need not be considered, although they are 
taken up uncritisised in the handbooks of Plantphysiology. 

2) Likewise for the ordinary saprophylic bacteria the want ofnitrogen compounds 


varies very much: the large-celled Bacillus megatherium requires very little, the 


small celled Bacterium fluorescens very much. 
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albuminous matter in the nodules is so very high. I myself found 
about 4°/, nitrogen, which is about 25°/, albumen in the dry matter 
of pease-nodules. Others found 5 to 6°/, nitrogen. It is noteworthy 
that the bacterial colonies on agar plates, grown out ofthe plant, 
eontain but 1 to 2°/, nitrogen of the dry weight, which consists 
for the greater part of carbohydrates. So it is certain that the 
bacterial body is very much modified by its entrance into the plant 
cell as well morphologieally as physiologieally. Therefore it was 
tried gazometrically to state nitrogen absorption in the tubereles. If 
the hypothesis is founded it must be possible, with a great quantity 
of tubereles in a closed space and under favourable physiological 
conditions, easily to observe that absorption. For the number of 
tubereles, for example of the woody papilionaceae, being as said 
very small, while yet these plants are noted in agrieulture for their 


considerable nitrogen-fixing power, the action of the tubereles must 


necessarily be very intense. 

To test the hypothesis. we acted as follows. ') First small, later 
larger quantities of lupine and-serradella tubercles were placed in 
wide glass tubes which could readily be connected with the gas 
burettes, then put in thermostats at about 25° C. The tubercles 
respiring vigorously we had to keep account with a rapid assimil- 
ation and supply of the oxygen. Further it was only necessary to 
determine the quantity of nitrogen still present after deduetion of 
the carbonie acid and the oxygen. The only diffieulty we met 
‘with was that {he nodules, which by their abundant content 
of aibuminous matter are an excellent food for bacteria, when 
they touch each other and get moist, easily give rise to fermentations 
in particular by .Bacterium aerogenes. Hereby hydrogen and much 
carbonie acid are produced, so that it is then necessary also to 
determine the hydrogen. But this fermentation may be prevented by 
introdueing the material very loosely into the burette, so that there 
are but few points of contact between the nodules, and the air can 
freely pass between. Under such conditions there is no danger that 
free nitrogen will be formed ; this only oceurring through the action 
of the denitrifying bacteria on nitrates, which substance is in the 
nodules completely absent. 

Of the tubercles of yellow lupine we used in our experiments 
quantities of 100 grs., 500 grs., and later even of 1 kil. In some 


!) In some of these experiments I .was assisted by Ir. D. C. J. Minkman, 


formerly assistant to the Laboratory for Microbiology of the Technical High School 
at Delft. 
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experiments we had the root tubereles eut off, in others the roots with 
the tubercles were left united with large pieces of the stem, so that 
eventually formed nitrogen compounds might be able to Me into 
the stem. All our estimations, however, showed that not in a single 
case the slightest fixation of nitrogen by the tubereles was observable 
As at first we doubted ofthe aceuraey ‘of our results obtained wa 
relatively little material, we afterwards used the Just mentioned 
larger quantities, but this did not make any difference either. Besides 
the two said species we still examined several "times 10 to 20 grs. of 
the nodules of Vicia faba, and once about 15 grs. nodules of 
Robinia pseudo-acacia, but other results were not obtained. 

As our researches did not last longer than 12 to 20 days it might 
be objected that we have not sufficiently imitated the conditions of 
the plants in tlıe field. Further, that in these experiments the growth 
of the tubereles, together with that of the whole plant, was excluded. 
Although these objections have not been refuted in the preceding, 
it is still highly improbable that nitrogen fixation would be associated 
with the growth of the tubereles and not with the augmentation of 
the bacteria out of the plant. Prineipal, however, is the fact that if 
within the nodules nitrogen fixation were to take place, which might 
have escaped our attention, the concerned quantity must certainly 
be extremely small. When we now consider how diffieult it is to 
colleect a few grams of tubercles for example of Robinia, it is clear 
that if this material is to be of any significance for such a great 


tree, its nitrogen-fixing power must be enormous. The experiments, 


however, show that the tubereles are wholly inactive or nearly so, 
hence there can be no question of attaching to them any importance 


- eoncerning the nitrogen nutrition, whilst yet nitrogen fixation by this 


tree is as certain as for lupine and serradella and even on a much 
larger scale. So the nitrogen nutrition of the Papilionaceae can 
only be indireetly connected with the bacteria of the nodules. In 
my opinion this relation can only exist in the herbaceous species 
and in the germ plants of the shrubs and trees of that plant order, 
but in full-grown speeimens of the woody species such as Robinia 
pseudo-acacia the presence or the absence of the nodules is wholly 
indifferent. Likewise on tbe roots of shrubs, such as Sarothamnus 
vulgaris, Spartium scoparium, Genista anglica, and (Genista pilosa in 
full-grown condition, the number of tubereles is so small, their 
volume so insignificant to that of the whole plant, that even if (hey 
were able to assimilate some free nitrogen their slight activity could _ 
not possibly explain the rich nitrogen store of the whole plant. 
Hence, the at present generally accepted explänation of the peculiar 
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- behaviour of the Papilionaceae cannot be correct. New researches, 


especially with Phaseolus, are desirable. 

From the preceding follows: 

For various Papilionaceae, excelling by their abundance of nitrogen 
compounds, even when cultivated in media without such compounds, 
the number and volume of the tubereles is so small, that if only 
‚within them the fixation of free nitrogen should take place, the 
intensity of the process in these tubercles must necessarily be very 
great. We have not, 'lıowever, succeeded gazometrically in ee 
the process in the tubercles at all. 

Neither do the tubercle bacteria fix the atmospherie nitrogen when 
eultivated out of the plant in nutrient liquids or in plate eultures, nor 
enclosed in solid media. 

The contradietory statements in the hand books of Planiphy siology 
are erroneous. 


Tr use zz zSZLEEEE.2 28, 
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Physies,. — “On the rotational oseillations of a cylinder in an 


infinite incompressible liquid”. By D. Coster. (Communicated 
by Prof. J. P. Kvenen). 


(Gommunicated in the meeting of May 25, 1918). 


The method t0 be followed in the discussion of the problem will 
be in the main the same as ıhat used by Prof. VERSCHAFFELT in 
the analogous case of the sphere‘). We consider the rotational 
swings about its axis of an infinitely long eylinder which executes 
a forced vibration. Our object will be to ascertain the motion in 
the liquid which will establish itself after an infinite time (in practice 
after a relatively short time ’)) in order to compute the frietional 
moment of forces exerted on the cylinder by the liquid. For the 
sake of simplicity the calculations will be referred to a height of1 cm. 

The motion of the cylinder may be represented by a=a cos pt 
where « is the angle of rotation. An obvious assumption to be 
made is that the liquid will be set in motion in coaxial eylindrical 
shells each of which will execute its oscillations as a whole. On 
this assumption it is not diffieult to establish the differential equation 
for the motion of the liquid. 

Let o be the density of the liquid. 

a the viscosity of the liquid. 
o the angular velocity of a eylindrical shell 
r the radius of the shell. 
The frietional force per unit surface of one of the shells will 


0 KIN 
then be F=n— and the frietional couple on a cylindrical surface 
i r 


dw 
of radius r:2rr’ u SE 
Taking a shell of thiekness dr its equation of motion will be 
2 r’ .... 27 Re dr, 
dt Or Ir 


which reduces to 
Q dv Io 4 3 dw 
u dt Ir? r Or 


(1) 


1) Comp. Proceedings 18 p. 840. Sept. 1915. Comm. Leiden 1485. 
2) Comp. Comm. 1485. pag. 22 footnote. r 
Proceedings Royal Acad. Amsterdam. Vol. XXI. 
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It is important to note that equation (1) may also be deduced 
from the general equation of hydrodynamies without its being 
necessary to neglect the second power of the velocities, as is ‚the 
case in many problems ‚of that kind. For an infinitely long time 
of vibration i. e. for uniform rotation (1) simplifies to 


= a 


[n » . . 
The solution of 2) is o=—--+c, c, and c, being integration- 


nz 


eonstants. If the solid eylinder (radius A) rotates with uniform speed 
Ke) 


a 2 


2 in an infinite liquid, the result will bee = ——, giving for the 
7 


frietional couple as is well known the expression 
Au On Se 
In order to arrive at a possible solution of (1) we have to make 
our assumption regarding the motion of the liquid a little more 
definite by assuming that the angular displacement of each shell is 

represented by 

= fle) eilig) Hr GE an 
We may also consider (3) as tlıe real part of the complex function 


uert, where u is a function of » the module of which gives the 
amplitude of the oscillation and the argument the phase-shift 4(r). 


f) 
Remembering that ® = nn equation (1) may be reduced to 


d’u 3 du io pu 
a en ee ee. 
dr’ 2 r dr u En: 


Equation (4) is closely related to the differential equation of the 
eylindrical functions. Indeed by the substitution y= zu Busser’s 


\ d ld i | 
equation of the 1° order BR a +[1--—)y=0, changes to 
ger 2dz ; 


z? 


It follows that the general solution of equation (4) is 


1 
„mA (lM+BN de). IE en 


RER —igp Rh 
wbere c= Pr et: Aand B being complex integration-constants. 


m sr 
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J, is the eylindrical funetion of the 1st kind and 1s order, N, that 
of the 2rd kind and 1°t order !). 


As regards c an agreement must be come to. We shall choose the 
in 


root with the negative imaginary parti.e..c—ke *, where k— ic’ 


"v8 


As a first boundary-condition- we have Zim ra,—=0?). As this 


relation must hold for all values of t, it follows that imru = 0. 
1 

The eylindrical functions with complex argument all become infinite 
at infinity with the exception of the so-called functions of the 3rd kind 
or Hanker’s functions 4,0 and A,®. Of these A," disappears at 
infinity in the positive imaginary half-plane and on the contrary 
becomes infinite in the negative half, whereas the opposite is true 
for H,®. By our choice of c in the negative imaginary half we are 
led to the function 7,®. For the integration-constants in equation 
(5) this gives the relation B= — 4°), so that (5) becomes‘ 


Pe 
EHE) aim af) 
bj 


For the determination of A we have to use the 2"d boundary- 
eondition ar=acospt, R being the radius of the cylinder. We 
therefore- assume that there is no slipping along the wall. 

aR 


Hence A 12. 
H,®XcR) 


so that 

aR . .H,@ (er) a 
H®Ch) r 

The symbol R is intended to indicate, that the real part has to be 
taken of the funetion which stands after it. 

If we had chosen for c the root with the positive imaginary part, 
we should have had to utilize the function 7, ®. It is quite easy to 
verify that this would not have made any essential change in 
tbe solution (7). 


ar 


ad, = 


}) Comp. Jaunee u. Empe. Funktionentafeln pp. 90 and 93. 
Niersen. Cylinderfunktionen. Instead of N Nisrsen uses the symbol Y. 
2) Prof. VerscHarrerr puts Lim &r = 0, which in my opinion is not quite correct, 
rz@ 
as the linear velocity has to disappear at an infinite distance. Comm. 1485 p. 29:4 
3) Between J, N, and H a linear relation holds. Comp. J.uE.p. 9. 
498 
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Nas \ Piss 
For large values of = (real, positive) 4, V —i) approaches 


asymptotically to 
BR: ( ® =) 
72 L rl 
EN £ e v2 8 = 


bj 
In 


therefore for (k R) sufficiently large: 


kr 
aR era kx a ) 
VE Be 208.1 DE — A - (8) 
= (F,8 CR) Vak (? va’ 


where = argument H,®(c R). 
From (8) it appears that damped waves are propagated from the 
eylinder to infinity, the velocity of propagation being 
ER AN ERENN 
NEE: Q 


and the wave-length 


2; ary2 u 
\=ıT = ie ee TE NE (8') 
p k op 


The frietional moment on the wall of the vibrating eylinder is 


; dw Base, N dar 
2r uk’ | where ® =-—. First we determine | — | from (7) 
. Ir R 0 Or R 


da ee H,® (eR) fi 5 
= = j BE + ac HOCH“ a ee 


For the reduction of the 2»d part on the right hand side of (9) 
we make use of the well-known recursion-formula of the eylindrical 
functions: 


dA, ® '(@) \ 1 A, 
ER = H az — ne H,'® (z) 


By its application (9) obtains the form 


de, | _ 2a, BÖSLLET 
ls RI zer tn, H,®(ch)‘ |. De 


giving for the frietional couple 


m % 0w —_ 2 3 ( ) 
=2arunR ]s- tur Schily „| aru Ro a (11) 


1 


For an infinite time of swing, i.e. »—=0, but with a rotational 


veloeity differing from 0, |c|— ee becomes 0. In that case the 


a nn nu 9 dm 
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second term on the right of (1) 


Serien 
In —= ) Er DIL 
(1) becausec = 0 er, me eh only the first term then 
remains, which agrees with (2). 
Moreover 


disappears on two grounds: 


H,® (cR) a) 
um En 
cR=» A,® (cR) 


It appears from: the accompanying graphs ®) of the module and 


- HB, ®(cR) EN: 

argument of H,&ch) that this limiting value is practically reached at 
|leR|=k.R—= 10 | 
le ae (Ca: )) nn 


The condition |c#|210 means, that the radius of the cylinder 
must be about equal to or larger than the wave-length. If R is 
small compared with A the second part of the frietional couple is 
negligible. For |cR#|210 the 2rd term on the right-hand side of 
'10) becomes 


-acim——ake (+7) (since c=ke 
Hence equation (11) now becomes: 

ua d 

K=—4nufw— Iwan (ac (#+2)) . (13) 
where 
d R 
= — (4 008 . 
TERM PE 


The frietional couple thus divides into two parts, one which does 
not contain the density of the liquid and another, in which it 
oceurs and which therefore refers to the emission of waves. In the 
transition to the limit of uniform rotation the first part only remains. 

In the diseussion of the 2"4 part of the frietional moment the 


quantity Ak= Bo is an important factor. If we take a time of 
u 


ne e 
oscillation of 2: seconds, so.that p=1, we have k= BE 


This gives the following values for k. 


)) Comp. J. u. E. 1. c. 
2) Tables for H,(1) and H,(2) will be found J. u. E. p. 139, 140. 
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' [7] 
S 

=} 

S 

= 

S 

= 

K 


—U 


HA0)eV 


Water 16° rl 0.011 9,5 
Atm. air 0° 0.0013 | 0.000171 2.8 
Air 0.01 atm. !) 0.28 
Air 0.001 atm. !) | 0.09 
Hydrogen 1 atm. 0° | 0.0000898 0.000085 1 


From this table it appears that, except for dilute gases, R has to 
be relatively small in order that the 2nd part may be neglected with 
respect to the first. For instance for atmospheric air with R= 0.5 c.m. 
IH® ER) 
\H,®(cR) 
of the frietional couple is still 56 °/, of that of the first (see 
equation (11)), every thing caleulated for a time of oscillation of 
2 m seconds. 

There is a further special limiting case of equation (13), which is of 
some interest. Let AR become infinite, and let @ at the same time 
disappear, in such a manner that /a converges to a finite limit d. 
We thus approach the one-dimensional problem of the oseillation of 
an unlimited flat plate in its own plane in an infinitely extended 
liquid. The frietional force per unit of surface is found from (13) to be 


d 
F=-ur,(bo(m+?)) Bette) 


a formula which is well-known from hydrodynamies’). A term 
analogousto —4 zu R* w does not occurin the one-dimensional problem, 
the reason evidently being that with a uniform translation of the 
plate a condition of equilibrium does not arise, until the whole liquid 
away to infinity proceeds with the veloeity of the plate. 

Finally it is of importance to ascertain for what frequency the 
amplitude of the forced vibration becomes a maximnm, in other 
words to what frequency the system cylinder-liquid resounds, if the 
cylinder is urged back to the position of equilibrium by a quasi- 
elastic force. 


kR == 1.4 and = 0.80, so that the amplitude of the 2nd term 


1) At these pressures ıı has not become much smaller. Comp. Kunpr u. War. 


Burg. Pogg. Ann. 1875 Band CLV. 
3) Comp. Lame. Hydrodynamics, 3:d edition 1905, p. 559. 
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The differential equation for the forced oscillation in complex 


notation is as follows: 
d’a . da 
0 EN N 
Here in our case Z is a complex quantity Z=L'+iL, where 
LU—=(4nuR’+yV2aukR) 
"—y2ryukR®. 
If we only concern ourselves with the partieular solution of (15) 
which gives the forced oseillation, we can also write (15) in the 
form: 


IRA U da 
0 + — DL’ — Ma Ee# 2 Se 
(+7) + (16) 
We see therefore that in consequence of the motion of the liquid 
an apparent increase of the moment of inertia arises. 
Putting 
IE 
oe + — 6 
14 
the particular solution of (16) becomes: 


E n 
De . eilpt—p) 
V(M—6'p’) + L* p’ 
in which the phase-angle $ is determined by the constants of the 
differential equation. 
Resonance oceurs for M— OP —0 


or 
dert Dip M=0 2 Dre 
Now L" is proportional to k and k—= nn so that we may 
u 
conveniently write Z"= Np!, N being a constant. 
(17) is now replaced by 
6P+Nu4—M=0... 2... 0.08 


This equation which is bi-quadratie in Y’p determines the frequencies 
to which the system resounds. On celoser examination there appears 
to be but one resonance-frequency. Naturally we are only concerned 
with the real roots p of equation (18). There are found to be two 
of such, one for which Y’p is positive, and another for which Yp 
is negative. Now it follows from our caleulation that we have 
assumed Y'p, which oceurs in k to be essentially positive. For if we 
substitute a negative value for Yp in our equations, we obtain a 
system of waves which moves from infinity towards the ceylinder. 
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But the amplitude of this system is infinite at infinity, so that our 
first boundary-condition would not be satisfied. 


We may also choose our boundary-conditions differently. We may 
for instance imagine the liquid limited on the outside by a second 
cylinder eo-axial with the first and at rest. It is then advisable to 
write the general solution of equation (4) in the following form 


1 
= — [CH (mM) +DABm}. . 2... (9 


At a suflicient distance from the axis of the eylinders two systems 
of waves then arise, one of which is propagated outwards and the 
other inwards. At the surface of the exterior cylinder we obtain 
reflection with reversal of phase, so that the liquid there is at rest. 
For the determination of the integration-constants (/ and D we 
obtain comparatively complicated relations which may be omitted 
here as they do not yield anything of further interest. 

The problem of the free oscillation does not now give any further 
special difficulties. 

We must now seek a solution of equation (1) of the form 

m— ine #ecos(ki— pn), 
which for r= R becomes ar = ae-*tcos k't. Again we may write 
a=ue"*t, wheren—= — Kiki". 

The same method of solution may now be followed. Instead or 
(7) we obtain: 

aBRERaH (er) 


Un a ee 
H,® (c‘R) r 


where l = Sr: —, if for c' the root with the negative imaginary 


part is chosen. Hence 


da,| 2a ZIER), = 
#l--%"t*z; u 


_ HR) 
Lim —— 
eRl=o A, (ec R) 


Bl de IE ARTZE) 
dr |R R u 


‚Af for Ba we take the root with the positive real term. 
u 


Therefore: 


The frietional moment now becomes: 
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da 2 Bar 
ı|_|—=-2ruR| — — ar: 
2ruR 4 u #+ 3 


R 
The differential equation for the free vibration is: 
d’a da 
L-— -EMa == Dr u 20 
Ku (23) 
giving for the natural frequencies of the system the equation 
Kr’ + In MS OR er 


The quantity Z here contains V'n. 
If we put Z= P+QYVn, where 


P=4r uR’ and Q = 27 uRk’ x 1 
[di 
(24) assumes the form : 
Km t(P+QynnatM=0 ..... (5) 


Equation (25) is bi-quadratice in z=,n. On furtlier examination 
it is found to have 2 complex roots.2z in the right hand portion of 
the complex plane and 2 in the left portion, only the former of 
which we can use (comp. equation (22)); hence the system has but 
one natural frequeney. Further 2=n is found to contain a negative 


real term, as indeed could not be expected otherwise. 
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Chemistry. — “Imvestigations on Pastkur’s Prineiple concerning 
the Relation between Molecular and Orystallonomical Dissym- 
metry: V. Optically active complex-salts of Iridium- Trioxalic 
Acid”. By Prof. F. M.-Jarcer. 


(Gommunicated in the meeting of June 29, 1918). 


$1. A short time ago I published‘) some data about the 
properties of racemic Potassium-Lridium-Oxalate: {K, Ir (C, O3 + 
+ 4} AH,0*), and on that occasion | announced experiments under- 
taken with the aim of splitting this compound into its optical anti- 
podes. It was our purpose to gain in this way the necessary infor- 
mation to enable us to indicate the correct configuration in space 
of these optically active complex ions, in comparing it with that 
attributed to the corresponding rhodium-derivatives, in consequence 
of the arguments brought forward on that occasion. At the same 
time I hoped to investigate in this way, what influence the 
substitution of the’ central rAodıum-atom in these complex ions by 
the homologous iridium-atom appeared to have upon the magnitude 
and the specific character of the optical rotation and its remarkable 
dispersion. It may be considered of importance, of course, to know 
the relation existing between the two functions just mentioned, 
especially in connection with our former studies on the analogously 
constituted complex salts of cobalt and rhodium combined with 
three molecules of ethylenediamine, where the problem arose as to 
the true configurative relations between the salts of these homologous 
metals of the eighth group of the periodie system, when rotating 
the plane of polarisation in the same direction °). 

In the following the fission-experiments mentioned and the results 
obtained by them are recorded in details. Thus for the first time 
the possibility of a “partial” asymmetry ‘) has been proved, in the 
case of iridium as the central atom ; the series of the metals showing 


1) F. M. JaEGER, Proceed. R. Acad. Amsterdam. 20. 263. (1917). 

2) C. GraLını, Rend. Acad. d. Line., Roma, (5a), 16. II. 551. (1907) ; Proceed. 
Acad. Amsterdam, loco cit. p. 278. 
3) F. M. JAEGER, Proceed. R. Acad. Amsterdam, 17. 49. (1915); 20. 244. 
(1917); conf. Zeits. f. Kryst. u. Miner. 55. 209. (1915). er 

4) F. M. Jaeger, Lectures on the Principle of Symmeiry, Amsierdam, (1917), 
p. 235. 
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this phenomenon being herewith extended to chromium, iron, cobalt, 
platinum, rhodium, and iridium. With respect to the dispersion of 
some of these salts, we hope yet to furnish some new data in the 
near future. 

$ 2. Therequired racemie Potassium-Iridium- Oxalate: K,IC,ON-+ 
+4} H,O was obtained in the following way. A 3°/, solution of 
pure, hydrated iridiumchloride of commerce (Hxrarus) is treated 
by a solution of potassiumhydroaide in excess. A dirty brownish 
precipitate is formed, which dissolves in the excess of KOH to form 
potassium-iridiate. The alkaline solution is heated, and then some 
perhydrol (30°, H,O,) added: the colour changes to dark blue, and 
the principal part of the zridium precipitates as /r (OH), Another 
part of it remains in the solution as a colloidal suspension of great 
stability, not being preeipitated or coagulated from it, even after 
addition of eleetrolytes. These solutions are therefore better evaporated, 
and the residue transformed into ammonium-chloro-iridiate to be 
used afterwards in other experiments. 

The blue preeipitate is washed by decantation with water slightly 
acidified by means of owalice acid; the filtrates and washings are 
also later converted into the mentioned compound. When the removed 
liquid gets colourless, the decantation may be considered complete, 
and the preeipitate is brought into a round bottom flask, the super- 
fluous liquid removed after some hours, standing, and a hot, concen- 
trated solution of owalie acıd added. The contents of the vessel are 
boiled under a reflux-condenser during 30 or 40 hours; a part of 
the owalie ‚acid is thereby decomposed, and the tetravalent zridium 
reduced to trivalent according to the equation: 

2/r (OH), + 6,0,H, = 21r(OH), + 2H,0 + 200,, 
while iridium-triowalice acid is then formed from the derivative of 
the trivalent vridium, conforming to the equation: 

2! OH), + 6(C,0,H, = XIr(C,O,)3 H, + 6H,0. 

The gold-yellow solution finally obtained is filtered, and almost 
perfectly neutralised by means of KHCO,; it is then concentrated 
on the waterbath, and the successive fractions of the erystals formed 
are separately collected. Almost pure potassium-owalate is first deposited, 
and afterwards, besides this, the orange erystals of the salt required, 
which is very soluble. These erystals have to be separated mecha- 
nically, and they are afterwards recrystallised for purification '). 

The racemie compound crystallises in pale orange-coloured erystals, 


1) Dr. J. Kaun has aided most effectively in the preparation of a part of this 
tacemic compound, and in the troublesome working up of the iridium-residues. 
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which have already been investigated and described in a former 
paper‘). They are trielinie-pinacoidal, and completely isomorphous 
with the corresponding racemic rhodium-salt, so that the direct 
isomorphous substitution of the metals Rho and Ir, also in their 
complex salts, has been hereby definitely proved. As we shall see, 
this proof has now also been given in the case of the optically- 
active components of such complex salts. 


$3. Fission of the racemie Potassium-Iridium- Oxalate (+4'/, H,O) 
‚into its optically-active components. 

27,5 Grams of pure sirychnine-nitrate are dissolved in 1300 eem. 
boiling water; then a solution of 15,5 grams of the racemie salt 
in 250 ces water of 60° C. is rapidly poured into the boiling 
solution under perpetual stirring. The flask with the golden yellow 
liquid is allowed to cool slowly for twelve hours to room-tempera- 
ture. The deposited, highly yellowish coloured, felty-like erystals 
are sharply sucked off at the water-pump, washed with some 
strong alcohol, afterwards with some ligroine, and dried at room- 
temperature in an air-current. The mother-liquid is evaporated 
on the waterbath to about °”/, of its original volume; on cooling 
highly yellow, needle-shaped cerystals are again deposited, which are 
treated in the same way. While the first fraction, however, represents 
the sirychnine-salt of the dextrogyratory component, — the luevo- 
gyrate antipode was immediately obtained from the second preeipi- 
tate. On further evaporation of the filtrate, some paler coloured 
fraetions are consecutively obtained, all of which give the laevo- 
gyratory potassium-salt. The sixth and the seventh fraction finally eon- 
‚sisted of pure strychnine, accompanied by some of its nitrate, while 
in the last fracetions cerystals of the free, racemic polassium-salt 
together with some of the laevo-salt, and also some potassium- 
nitrate, appeared. The rotation of this last fraction as a whole, after 
removing the potassium-nitrate, was negative, amounfing only to 
about '/, of the rotation of the pure laevogyrate salt, so that a 
considerable. amount of racemie salt is evidently admixed. Probably 
a partial hydrolysis during the repeated evaporations has taken 
place, so that the free potassiumsalt acenmulates in the last fractions. 

The strychnine-salt of the dextrogyratory component has the formula: 
IrlC,O (01 Hua NO), + 334,0; it appears as pale yellow, very 
fine needles. For a series of wave-lengths the rotation of this strongly 
active salt was determined; ‘the solution used contained 0,4763 


grams of the hydrated salt in 100 ces. of the liquid. 
| ı) F. M. JAEGER, Proceed, R. Acad. Amsterdam, 20, 278, (1917). 


206 


The following data were found: 


ROTATION-DISPERSION OF STRYCHNINE-d-IRIDIUM-OXALATE (+ 31% H30). 
een? Observed Rotation: Molecular Rotation: 
124..0% 
5105 + 1.02 -+ 209970 
5260 0.86 17703 
5430 0.65 13379 
5610 0.38 1822 
5800 0.27 | 5558 
6020 0.21 4323 
6260 0.17 3499 
6530 0.155 2676 


In the same way the composition of the corresponding strychnine- 
salt of the /aevogyrate component appeared to be: I/r(C, O0, )}C,H,, 
N,O,), + 3H,0. This salt too erystallises in needles, somewhat 
thicker than those of the first. The substance is strongly laevogyra- 
tory, and its dispersion is smaller than in the case of the other salt, 
as may be seen from the following data, and the graphie represen- 


tation in fig. 1: 


ROTATION-DISPERSION OF STRYCHNINE-/-IRIDIUM-OXALATE (+ 3 H30). 
Wauve-length 
Hau: Observed Rotation: Molecular Rotation: 
5105 03 | — 172369 
ht 0 14624 
5430 0.24 12535 
5610 0.19 9994 
5800 0.15 1835 
6020 0.125 6057 
6260 0.09 4701 
6530 0.08 4178 
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This solution contained 0,1886 
; grams of substance ji 
of the liquid. Bu 
It is remarkable that the laevogyrate strychnine-salt has a some- 
what greater molecular rotation than the corresponding potassium- 
salt itself; the dextrogyrate sirychnine-salt rotates more strongly than 
the free potassium-salt. 


length iv 


00 u 
5100 5260 5430 5610 5800 6020 6260 Ungströnv. Und. 


Fig1 MotecularKotationÜispersion ofStyehnineshidium- 
9, Genla €34,0 I 


$ 4. The different fractions were mixed with about six times their 
weight of finely pulverized potassium-iodide, and then ground together 
in a mortar, some cold water being added to the mixture. When 
all potassium-iodide has just been dissolved, the yellow liquid is sharply 
sucked off from the white precipitate, this last washed with a very 
small quantity of cold water, and the yellow filtrate precipitated by 
the addition of an excess of 95°/, alcohol. A yellow deposit is 
formed, which is sucked off on the Buchner-filter, washed with 
alcohol, and recrystallised from water. On heating on the waterbath 
the solution does not autoracemise notably. By slow cerystallisation 
at roomtemperature, beautiful trigonally-shaped, orange crystals are 
formed, which are dried between filterpaper. They can grow in 
their mother-liquid to considerable size. The optically-active components 
are extremely soluble, more than the very soluble racemie compound ; 
on this arcount the cerystallisation of the active components was 
executed in smaller and somewhat deeper cerystallisation-dishes. 
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$ 5. The rotation-dispersion of these optically-active iridium-salts 
was measured in the same way as formerly by means of a great 
polarimeter of Schmipr and HaunscH, with threefold field, and equipped 
with a monochromator. The tube was always 20 cm. long, and 
determinations were made for a whole series of wave-lengths. Even 
in thin layers of the liquid the spectral region of the transmitted 
light appeared to be appreciably limited by absorption, also in the 
case of not very concentrated solutions. 

Waves larger than 6850 A.U. were never transmitted to a sufficient 
degree, while even in a solution of 1°/, no exact determinations 
could be made for wave-lengths smaller than 5300 A.U. To investigate 
the shape of the .dispersion-curve also for shorter wavelengths, it 
was therefore necessary to use very dilnte solutions, of 0,2 °/, and 
0,1°/, or less. We have used four such solutions for this purpose, 
containing respectively one grammolecule of the hydrated salt in 
14,57 Liters (a) of the solution, in 57,73 Liters (db), in 228,86 Liters (c), 
and in 413,7 Liters (d). 

In the following table the mean values are taken into account, and 
the molecular rotations caleulated from them; in fig. 2 these results 
are moreover graphically plotted, -in their relation to the light used: 


WERE Begrees 5 


490 7 5100 5180 526033405420 IR 6020 RI40 6260 6380 6520 6660 6800 Ungstro / — ÄKrcls . 
| STlassiumv- IE ED FR 


The values obtained with the different solutions agreed very well 
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together. In the table are therefore quoted those values 


approached nearest to the curve of the mean values 
ay7 
curve shows a tendency to get more and more horizontal for wave- 


lengths beneath 5100 A.U. 


which 
The dispersion- 


ROTATION-DISPERSION OF DEXTROGYRATE POTASSIUM-IRIDIUM-OXALATE 
(+ 1H30). 
Wave-length "Observed Rotation Molecular Rotation 
in A. U.: in Degrees : in Degrees: 

4790 + 0.79 (d) 4 163409 

4920 0.18 (d) 16237 

5020 0.78 (d) | 16134 

5100 0.78 (d) | 16134 | 
5180 0.77 (d) 15927 

5260 0.75 (d) 15514 

5340 1.28 (ce) 14647 

5420 4.36 (b) 12586 

5510 14.42 (a) 10508 

5610 11.94 id. 8699 

5700 9.88 Id. 7198 | 
5800 Salzn 1a: 5952 

5910 6.86 Id. . 4998 

6020 5.49 ia. 4000 

6140 4.73 Id. 3446 

6260 3.86 id. 2813 

6380 BuS2r 10. 2446 

6520 2.61 id. 1901 

6660 2,33 10. 1698 

6800 2.10- 14. 1530 


Although the dispersion of these orange-coloured solutions is 
extraordinarily strong, the slope of the curve is quite different 
from that found in the case of the corresponding rhodium-salt. This 


fact proves the preponderant influence of the special nature of the 
14 
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central metal-atom on the specific light-absorption (colour) of these 
salts and on the whole character of the rotation-dispersion. 

The yellow erystals obtained on evaporating the original mother- 
liquid of the sirychnine-salts to :/, or '/, of its volume, gave after 
treatment with potassium-iodide a fraction which appeared to be 
the pure laevogyrate salt. The following. measurements, made with 
a solution containing one grammolecule of the hydrated salt in 
42,97 Liters of the liquid, may make this clear: 


ROTATION-DISPERSION OF THE LAEVOGYRATE POTAssıuUM-IRIDIUM-OXALATE 
(+ 1Hz0). | 
Wave-length Observed Rotation Molecular Rotation | 
in’ ArUs; in Degrees: in Degrees: 
5340 — 6.66 | — 142870 
5430 5.72 | 12289 
5520 4.89 | 10506 
5610 3.86 | 8293 
5700 3.26 | 7004 
5800 2.70 5801 
5910 2.28 | 4898 
6020 1.95 4189 
6140 1.63 | 3502 
6260 1.35 2900 
6340 10... 2299 
6520 0.88 1891 
6660 0.74 | 1590 
6800 0.70 1504 


A comparison of the rotations for the same wave-lengths in the 
case of the corresponding rhodium-salt with the here described 


Salt: 


3 | J 
Molecular Rotation: j 4tomic Volun 
ofthe metal 


Ks |Rho (Cz O,)3} + H;0. 


Masz0 = 142009; Mzg00 = 190°; Msg7o = 09; Meggo = — 1215°. 8 50 


Ks {Ir (C, 093} + H3O. | Migso = 16230°; Msgoo = 5952°; Maoro = 4500°; Mosoo =-+ 1698?, 8.61 
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iridium-salts, teaches us, that the rotation of the inmidium-salt is 


always appreciably greater than that of the rhodiun:-salt, although 
the atomie volume of iridium differs only slightly no a 
rhodium, and even exceeds it by a small amount. ‚ 

If we were able to demonstrate later, that for Ur(Aeine), 31, the 
rotations are smaller than tbose of the corresponding PRödRumsalt 
{hen we should have proved that the influence of the 
atomie volume on’ the magnitude of the rotation, may be in this or 
in the opposite direction, according to there being either basic or acid 
substituents attached .to the central-atom. 


$ 6. DexTRroGYRAToRY PoTAssium-IRIDIUM-OXALATE: 
Kult, OJJ41H,0. 

Beautiful, rather large, orange-coloured, and very lustrous erystals, 
which are commonly regularly developed in the shape of flattened, 
triangular bipyramids. They are well built and geometrically easily 
determinable, allowing very exact measurements. The deviations of 
the angular values from those found with the corresponding rhodium- 


Dextrogyratory Potasium-Iridium-Oxalate. 
Fig. 3. 


salt are more appreciable than ordinarily stated in the case of 
rigorously isomorphous crystals. 

The symmetry of the two series of cerystals is however exactly the 
same, and their form-analogy is sufficiently great, to consider the 
optically-active salts of the two series as quite isomorphous, also with 
respect to the doubtless isomorphy between the racemie salts of 
the rhodium-, and the iridium-series. The more deviating values of 
the angles and axial parameters are probably connected with the 
rather great difference of atomie weight of the metal-atoms. 
Analysis teaches us, that also these optically-active salts erystallise 
with only one molecule of water. 


Trigonal-trapezohedral. 
a:c—=1: 0,9520. (Bravaıs); a —= 100°20’. (MıLLER). 


Forms observed: P—= {112% [521], as positive trigonal bipyramid, 
14* 
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predominant and yielding good reflexes; o— {1011} [100], positive 
hombohedron of the first kind, well refleeting, but in most cases 
only ‘with rather small facets; «= {1101} [212], a negative rhombo- - 
hedron of the first kind, commonly much broader than o, somewhat 
less lustrous; y„=M111} [421], a negative trigonal bipyramid, about 
as large as x, but much smaller than P, commonly yielding good 
mirror-images; r — {1102}, as a narrow obtusion of the edges of the 
rhombobedron 0, ordinarily absent, but in the other case very lustrous. 
Sometimes a very narrow and rudimentarily developed prism 
m — {1120} was observed, truncating the basal edges of ?. The 
erystals are mostly very regularly developed as flattrigonal bipyramids; 
but occasionally more or less deformed, table-shaped individuals are 
met with, showing the same combination of forms. The faces of 7? 
are often striated parallel to the edges P:o. (Fig. 3). Also erystals 
are found, where o is about twice as large as /; in this case the 
striation on /° was observed in all cases. 

Finally we met with individuals showing only P and o in about 
equal size, / having its characteristie striation ; besides them also 
y was found occasionally, but very small and subordinate, especially 
in the case of the dextrogyrate component. 


Angular Values : Observed: Caleulated : 
P:PY=(411223):0219 =#* 73° 20' = 
P:P'=(1223:(11239)—= 99 49 92° 49' 
P:o =(129: 101) = 21 40 6 
2:0 =(1101):101) — 43 28 43 26 
2:y =(101:211N— 28 20 28 21 
y:o =(2111):1019) = 28 941 28 21 
Pros = A220) 60 48 60 503 
0:0 =(1011):0119) — 79 30 79 40 
o:r = (1011):1109) — 39 43 39 50 
m:P = (1120): 1122) — 46 30 46 25 


No distinet cleavage was observed. 

Optically uniaxial, without noticeable eireular polarisation. The 
character of the birefringence is negative. 

The speeifie gravity of the erystals at 20° C. was: 2,734: the 
molecular volume is therefore: 217,77, and the topical parameters 
are: 4:0 — 7,0618: 6.7230, if ealeulated with respect to hexagonal 
axes, and „=Yp=ow— 6,1321, with respeet to rhombohedral axes. 


4 ee 
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$ 7. The erystals of the laevogyrate antipode ordinarily showed 
only the bipyramid P, which must be considered as a lefthanded 
bipyramid here, because all phenomena are in agreement in this 
case with Pasreur’s law, ns is proved beyond doubt by the hemihedral 
symmetry of the cıystals. Therefore ‘to this bipyramid must be 
attributed the symbol {2112} [512]; besides the forms 0, x, and 
y, y having the symbol {1121} [412], appear subordinately here. 
Because 0 and x were in most erystals about equally large, and 
could uot be discerned in any other way, the external habit of these 
lefthanded erystals was not different from that of dextrogyrate salt, 
the latter being brought into the same position as the lefthanded 
by a rotation through 60° round the trigonal axis, with the only 
difference, that the forms x and o are thereby interchanged. However, 
if © and o are of unequal size, the occurrence of mirror-images 
could be seen immediately in the erystals. The zonal relations may 
be made clear by the subsequent stereographical projeetions (Fig. 4). 
Just as in the case of oppositely rotating rhodium-salts, a non- 
superposable hemihedrism accompanies here the contrary power 
of rotation. 


Fig. 4. Stereographical Projection of the Crystalforms of d- and 
1-Potassium-Iridium-Oxalate (only the top-ends of the erystals). 


$ 8. The specifie gravities of the formerly investigated rhodium- 
salts, were determined at de — 3.171 for the racemie ceompound 
(44 H,O), corresponding to a molecular volume of: 260,34; and at 

die — 2,355 for each of the optically-active salts (+ 1H4,0), wbich 
corresponds to a moleeular volume of 292,70. From this the topical 
axes of these salts are calculated at: 
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y:p:o— 6,8980: 6,4274: 6,6306, for the racemie rhodium-salt, 
and x: w — 7,2660 : 6,4944, for the optically-active salts, with respect 
to hexagonal axes, nd y=vy=o=— 6,1856, witli respect to rhom- 


bohedral axes. 
Comparison with the corresponding parameters of the here studied 


inidium-salts '): 


Salt: Topical Parameters: 


racemic Kz| Rho(C, O,)}, 4% Ha0. | X: WW: = 6,8980 : 6,4274 : 6,6306. 
racemic Ka { Ir (C; O,)3 }, 4 H20. 1:W:@ — 6,1454: 6,2626:6,51622. 
optically-activeK;| Rho (C, Oy)a}, H,O. | %.: © = 7,2660 : 6,4944; %' = 6,1856. 


optically-activeK;} Ir (C; Oy)3}, Hz0. | 4: @ = 7,0618: 6,7230; X’ = 6,1321. 


teaches us, that the substitution -of tbe central Aho-atom in the 
complex oxalate by the isomorphous /r-atom, produces a diminution 
of the topical parameter in the case of the racemie salts, but a 
slight increase, in the case of the optically active antipodes, although 


the values for 4 and y' are in this case smaller with the correspond- 


ing Rho-salt. 

In. the same way as in the case of the previously described 
rhodium-owalate, all phenomena observed in the fission of potassium- 
iridium-owalate are veally in full agreement with the sense of 
Pasteur’s law. 

Laboratory for Inorganie and Physical 
“ Chemistry of the University.- 
Groningen, June 1918. 


!) The specific gravity of racemic Kat Ir (5809334 4/, Hz0 was at 18° C. 


determined at: di) = 2,688; the molecular volume is thus: 243,82. 


Se N VE 


Chemistry. — “Investigations on Pasrkur’s Prineiple concerning the 
Relation between Molecular and Crystallonomical Dissymmetry: 
VI. On the Fission of Potassium-Rhodium-Malonate into Its 
Optically-active Components.” By Prof. F. M. Jancur and 
Wıruıam Tnomas. B. Se. 


(Gommunicated in the meeting of June 29, 1818). 


1. Some time ago one of us!) described the erystalform of racemie 
Potassium- Rhodium-Malonate: K,{Rho(C,H,0,)3+3H,0, and hinted 
at the possibility of separating this salt into its optically-active com- 
ponents. In the following we are now able to describe the results 
of the respective experiments, which have led to a positive result, 
and to give a review of {he highly remarkable rotation-dispersion of 
these new salts. 

The racemic salt nesessary for these experiments was prepared in 
the following way. A 3 °/,-solution of pure Na,RhoCl, + 9H,O was 
heated to 40°C, and then precipitated by means of a 10 °/, solution 
of caustic potash, so much of the base being added, that the liquid 
showed a feeble alkaline reaction. The precipitate is separated 
from the excess of potash as well as possible by repeated decan- 
tation in high cylindrical vessels; it settlles down extremely slowly, 
so that this operation takes much time. Then the preeipitate is 
brought into a round bottom distilling-flask and heated under a 
reflux-cooler some forty hours with a solution of the caleulated 
amount of potassium-bimalonate: KHC,H,O,, and some free malonie 
acid, until the precipitate no longer diminishes in quantity. The 
red coloured liquid is then filtered, and concentrated on the water- 
bath: on slow evaporation at room-temperature there soon appear 
red flat erystals of the complex malonate, which are once more 
recrystallised from water for purification. The residue in the flask 
is again changed into the complex sodium-rhodium-chloride: 
Na,RhoCl, +9H,O in the usual way, and afterwards precipitated 
as described in the above. 


$ 2. After a series of attempts we succeeded in separating this 
salt, which crystallises in beautiful monoclinie erystals *), into 
its optically-active components by the aid of its cinchonine-salt. 


1) FE. M. JAEGER, Proceed. Kon. Acad. Amsterdam, 20. 276. (1917). 
2) loco citato, p. 277. 
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For this purpose the potassiumsalt is first converted into the 
bariumsalt, by adding a strong solution of 3 molecules of barıum- 
chloride to a eoncentrated solution of 2 molecules of the potassium- 
salt: a yellow preeipitate is formed, which dissolves rather easily 
in hot water, but which can be almost completely precipitated from 
its aqueous solution by the addition of 97 °/, alcohol. This barium- 
salt was now dissolved in water at 50° C, and then a solution of 
one equivalent cinchonine-sulphate ‘), also heated to 50° C, was added 
to it. The solutions need not be too concentrated, because the 
einchonine-rhodium-malonate will otherwise partly preeipitate, as it 
is only sparingly soluble. The bariumsulphate formed is carefully 
sucked off, and by washing with water of 45° C. all the 
included yellow ceinchonine-salt eliminated. On standing for 24 hours 
in a large erystallising-dish, the liquid begins to deposit beautiful, 
pale yellow and often in rosettes united needles of the cinchonine- 
salt of the /uevogyrate component, as will soon be shown. On 
repeated partial evaporation of the mother-liquid on the waterbath, 
the successive fractions were separately collected and investigated. 
The first three fraetions appeared to contain the /efthanded com- 
ponent; the fourth fraction gave the almost pure dextrogyrate 
antipode, the fifth and sixth fracetions the pure dextrogyrate com- 
ponent immediately. It is a remarkable fact that the cinchonine- 
lI-malonate and the cinchonine-d-malonate are both dextro-gyratory, 
notwithstanding the very large rotation of opposite sign of the 
complex ions present therein. This peculiar behaviour was checked 
by us by a special control, namely by preparing the free potassium- 
salts again from the cinchonine-salts used in the polarimetrie measu- 
rements. We could easily prove in this way, that the salts thus 
obtained, really represented the right and left antipodes. From the 
pure /aevogyrate potassiumsalt we once more prepared the corre- 
sponding cinchonine-salt by means of the barium-salt; the rotations 
determined with this especially prepared salt proved to be positive, 
and they agreed very well with those formerly found. We have 
also investigated the influence of the addition of three molecules of 
cinchonine to a solution of the optically-active potassium-salts, and 
the rotations found with these solutions were compared with those 


') Originally we tried to reach our purpose by means of the sirychnine-salt 
as in the case of the rhodium-owalate. However, these experiments had * 
result, the potassiumsalt prepared from the carefully fractionated sirychnine-salt 
by potassium-iodide being always optically-inactive. It is diffieult to say whether 
racemisation or partial racemism is the cause of this; but only after several 
failures we passed to the use of cinchonine. 
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of cinchomine itself: the observed rotations appeared to be practi- 
cally identical with those of the cinchonine-I-rhodium-malonate, so 
that evidently the influence of the three moleeules of cinchonine 
far outweighs that of the laevogyrate rhodium-malonate-ion itself. 

The last fractions of the erystallisation-series of the cinchonine-salt 
finally gave pure cinchonine, a small amount of the dextrogyrate 
salt and a certain quantity of the racemie salt remaining in the last 
mother-liquids. Evidently also here the repeated evaporation on the 
waterbath, just as in the case of the corresponding oxalate, seems to 
cause a partial hydrolysis. Analysis taught us that the cinchonine- 
d-rhodium-malonate cerystallies with 3H,0; the corresponding 
cinchonine-I-rhodium-malonate with '/, H,O. This last mentioned salt 
could not be heated above 100° C, being less stable than the right- 
handed salt, it is rapidly decomposed with formation of a dirty 
brown powder. 

For the rotation-dispersion of the cinchonine-salts we found tbe 
following values: r 


I. CINCHONINE-d-RHODIUM-MALONATE (4 3H3;0). 
| en een ER | 
In 5105 | 9137 | 1 300109 

5260 | 1,23 IF oolaın 
5420 | 1,14 | 24972 
5610 | 1,07 | 23406 
5800 | 0,99 21686 
6020 | 0,94 | 20591 
6260 | 0,88 | 19271 
6520 0,84 18400 


The solution investigated contained 0,3070 grams of the hydrated 
salt in 100 grams of the liquid. 

The results obtained are plotted in the figure 1. It shows us, that 
both curves are situated above that of pure cinchonine, notwithstanding 
the fact, that one of them contains the strongly negatively rotating 
complex rhodium-malonate-ion; of a simple superposition of the 
optical activities there is therefore no question. 

The transformation of the cinchonine-salts into the corresponding 
potassium-salts was carried out in the following way. The pure 
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| II. CincHoNINE-/-RHODIUM-MALONATE (+ !/3 H;0). 
| an eye | | en 
5105 | +0,65 | + 166470 
5260 | 0,61 15622 
5420 | 0,57 14598 
5610 | 0,52 13354 
5800 0,45 | 11525 
2 | 0,40 10244 
6260 0,36 9220 
6520 | 0,32 8195 


| 
The solution used had 0,2538 grams of the hydrated salt in 100 grams of 
the liquid. 


5000 5105 52605420 5610 5800 6020-6260 6570 Ungström-Unils 


a Mn Me 


I 
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cinchonine-salt is ground with about ten times its weight of potassium- 
iodide, and a small amount of water added to the finely pulverized 
mass. The mixture is allowed to stand for 24 hours at room- 
temperature; the yellow liquid is then sucked off as sharply as 
possible from the precipitate. The reddish yellow filtrate is precipitated 
by 97°, alcohol, and the pale yellow precipitate of potassium-rhodium- 
malonate thus formed_reerystallised from a little water. During the 
evaporalions on the waterbath a noticeable racemisation does not 
oceur. It is advisable to add as little water as possible during 
the transformation of the cinchonine-salt by means of potassium-iodide, 
as otherwise the preeipitation with alcohol is very incomplete. 


3. The optically-active components are, like the racemie salt, but 
in yet higher degree, very soluble; at ordinary temperatures the 
racemic form is therefore doubtless the stabler phase in comparison 
with the optically-active components, so that there is no chance to 
 execute a fission by spontaneous erystallisation !). The solutions possess 
a beautiful orange or bloodred colour. For a series of wave-lengths 
the rotations were determined in the case of both antipodes; the 
values obtained agreed completely in both cases with exception of 
the algebraie sign. The concentrations of the solutions used in these 
experiments must be varied over wide limits, if measurements are 
to be made over a greater spectral range, because the absorption of 
the light in layers of 20 cm. is very intensive. In the visible part 
of the spectrum no distinet absorption-bands occur; but at both ends 
it is abruptly cut off: a 1,5 °/, solution allows the transmission of 
waves from 5190 to 6800 A. U.; a 0,75°/, solution the transmission 
of the whole red, yellow, green, and blue part of the spectrum 
to 4870 A. U.; a 0,37 °/, solution in the same way to 4420 A.U.; 
etc. With a 1,48 °/, solution these limits were found at: 5020 and 
6900 A. U. 

For the polarimetric determinations we used solutionswhich contained 
respectively 1,503 grams (A), 0,511 grams (B), and 0.305 grams 
(C) of the /aevogyrate anhydrous salt in 100 grams of liquid ; in the 
case of the dextrogyratory antipode we used a solution containing 
0,804 °/, of the anhydrous salt. The results of these measurements 
are reviewed in the following table, and in fig. 2 they are plotted in a 
diagram.The data have been calculated with respect to the anhydrous salt. 


1) Conf.: F. M. JaEGER, The Prineiple of Symmetry and Its Applications to AU 
Natural Sciences, Amsterdam, (1917), p. 209, 210. 


220 


ROTATION-DISPERSION OF LAEVO- AND DEXTROGYRATORY POTASSIUM- 
RHODIUM-MALONATE. | 


Observed (2) 


= Observed (z) and Molecular (M) rotations of and Molecular 
ea u mn 5 
Eulort | 
® A | 2 | Q i D. | 
St Pr Ta = fe nei | | 
= a | M: & | M: 2 | M: a | M | 
BE ee — —  — 
4130| — en = — |-0919| 20 — | '— 
| 4870 — —_ — _ 0,19 2436 a 
5020 Ei ” zu — 0,19 | 2436 — | — | 
sıs| — et ee. m Er 
has] a. 0a0| 224] 020 26] — | Re 
520 | — = 0,5018. _ 
50| — 22 0,50 | 2575| 0,20 | 2564 +0,86 +2614° 
Te Ust 20T 0,87 | 2645 | 
'ssısl 1553| 2023| 052! 268l 021 2002| 0888| 265 
56104 |0,1,89.4: ZIEH ED Te ee 0,90 2736 | 
\5ol 1611| 2812| 055| 2833| 022 2820] 092 2797 
Issoo| 163) al ol ll — ı — 0,93 2827 
5910| 15| 208] 0553| 2700| 021! 2692| 089 2706 
sooo| 1977| z68| ol 35 | — = 0,855 | 2584 
siao| 1144| 2516| 0400| 2524| 020 2564| 082 2498 
6260| 11 | 08 an) -- > 0,81, 2462 
6380 | 1381 2a0| 047| 2420| 0190| 2486| 074 | 2402 
6520| 1835| 2858| 0,46 I. 2369| — > 0,18 | 2371| 
| — 0,45 | asty | 3. D,19 14043 
BS0O" a u wen = | ee Di 


From fig. 2 the very remarkable shape of the dispersion-eurves 
may be seen, which at a wave-length of about 5800 A. U. show 
a maximum. For wave-lengths smaller than 5800 A. U. the rotation 
of tlıe plane of polarisation inereases with increasing wave-length, while 
for those greater than 5800 A. U. it diminishes with increasing 
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wave-lengths, as in ordinary cases. In the neighbourhood of 5800 
en 

A. U, the absorption-speetrum, however, does not manifest a single 

line or band. However the oceurrence of such an anomalous rotation- 


3000" Ä Have-Lngih in. | 

4590 47304870 5020 51055180 5260 59405320 SSI5 5610 5700 5800910 6020 6140 6260 63608320 6660 6800 Ungström- Lluts. 
Fig2 Nateeularfotaliorw Di ersion dendz-an) Inonogyralary 

Jolassiunv-Fhodium: Malonaie; 
dispersion under these ceircumstances seems to be theoretically expli- 
cable, if the assumption may be made that at least two kinds of 
' active ions are present '). 

Besides this anomalous rotation-dispersion, the whole character of 
which is in sharp contrast to that of the regular one, the absolute 
activity of these salts appears in general to be appreciably smaller 
than that of the analogously constituted owalates, unregarded the 
passing through the zero-point in the case of the owalate at 5970 
A. U., formerly mentioned. The substitution of the owalie acid-ions: 

000’ 
600’ | | 
| by the three ions of the malonic acid: CH, around the 
C00’ | | 
000’ 


ı) Drupr, Lehrbuch der Optik, (1900), p. 382. 
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central rhodium-atom, is evidently followed by a very radical change 
of the character of the optical rotation of the molecule, which 
affeets not only the magnitude, but also the algebraic sign of 
the moleeular rotation for a number of corresponding wave-lengths. 
The special chemical nature of the substituents placed dissy ınmetric- 
ally ronnd the central atom therefore appears 10 have as much 
influence on the magnitude of the rotation, as the chemical nature 
of the central metal-atom itself. 


$ 4. After many attempts we were able to obtain the crystals 
of the optically-active salts in a measurable form. The laevogyratory 
eomponent set free from the ceinchonine-salt of the first fractions, 
appeared, as already mentioned, to be extremely soluble ; the solutions 
manifested a strong tendency to supersaturation. 

By this eirecumstance the formation of well measurable cerystals 
is severely hindered; and, as gene- 
rally oceurs in such cases, the 
erystals finally obtained appeared 
to be badiy formed. Because of 

Fig. 3. Laevogyratory the vicinal facets present, most 

Potassium-Rhodium-Malonate. erystal-faces yield multiple mirror- 
images, causing the angular values to oscillate often more than 30’ 
round their mean-values. Hence it was at first thought, that trielinie 
erystals were present here. But the repeated determinations, in con- 
nection with the optical investigation proved to us finally, that the 
salt erystallises monoclinically, and more especially in forms differing 
from their mirror-images. 

The analogy of the parameters of the optically-active salt and 
those of the racemice compound is most remarkable, as becomes 
clear, if the directions of the a- and c-axes in our former determi- 
nations are interchanged '). 


Monoclinie-sphenoidical 
a3b: c==11,0637 1-:1,16674 
BB A 
Forms observed: ce = {001}, predominant, and mostly very lustrous; 
b’ = /010%, broad and lustrous; b = {010}, very narrow, often absent 


and always yielding good reflexes; o, — {111}, broad and lustrous; 


@, — {111}, narrower than o,, yielding multiple reflexes; run! 


I) F. M. JAEGER, Proceed. R.: Acad. Amsterdam, 20. 277. (1917). There the 
ratio a’:b: c’ was equal to: 1,0783: 1: 1,2309 , with 8 = 86° 36’. 
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and w, = {111}, about equally broad, giving sharp reflexes; s— 101}, 
broad and well reflecting, but as all faces of the orthodiagonal-zone, 
often showing oscillating angles; r — 101}, extremely narıow and 
dull; @=}100}, hardly. observable, in most cases totally absent; 
q=|{021}, very narrow and dull. The external habit is that of 
hemimorphie thin plates parallel to {001}, with a slight elongation 
in the direction of the b-axis. 
No distinet eleavage could be found. 


Angular Values: Observed: Calculated: 
d:o,=(010): A11)= *50°46' Re 
e:©,—= (001): 111) — *60 14 nl 
c:0,= (001): 111)— *55 45 za 
c:a = (001): 100) 85 41 85° 27%, 
e:s = (001): 10) — DZ ANE50%8 
0:0, = (111): 111) — ER 
s:o,— (101): 111N)— 39723. 2013914 
22 20 HET ca. 31 0 s0 11 
b': 0, = (010): 111)= 5249. 52: 58 


On {001} the directions of extinetion are orientated parallel to 
and normal to the orthodiagonal. The erystals are not appreciably 
.diehroitic; their birefringence is feeble. The optical axial plane is 
{010}, with a feeble, inclined dispersion,; one axis emerges on {001} 
‘at the border of the field. 
The erystal-form of the corresponding dextrogyratory antipode is 
reproduced in fig. +. 
The speeifie gravity of the erystals 
was at 18° C. found to be: de 9.31 T; 
the molecular volume is therefore: 
238,76, and the topical parameters 
Fig. 4. Dextrogyratory become: 7:%:0=6,1471: 5,7790: 
Potassium-Rhodium-Malonate.  .6,7423. Analysis proved that the 
salt contains 14 H,O; on heating at 120° C. it is decomposed, 
assuming a brown colour. 
If the specific gravity of the racemie compound be also taken 
into accoupt, (dies — 2,251; V — 257,80), it appears, in comparing 
it with the corresponding potassium-rhodium-o.walate‘), that the sub- 


- The topical parameters of the racemic malonate, after interchange of the 
@- and c-axis, becomes: ;: p: = 6,2484: 8.7947: 7,1329. 
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stitution of the malonic acid for the oxalie acid, causes a diminution of 
the topieal parameters in two, but an enlargement in the third direction 
as well in the case of the racemic as in that of the optically-active 
compounds. 

At all events this investigation has brought full evidence of the 
fact, that the salts of the complex »hodium-trimalonie acıd may also 
be split into optically-active components, and that the phenomena 
observed in their study are in agreement with Pasrkur’s law in its 
fullest scope. 

Laboratory for Inorganie and Physical 
Chemistry of the University. 
Jroningen, June 1918. f 


Chemistry. — “Investigations on Pastkur’s Principle concerning the 
Relation between Molecular and Orystallonomical Dissymmetry: 
VII. On optically active Salts of the Tri-ethylenediamine- 
Chromi-series.” By Prof. F. M. Jarser and Wırnım Tnomas. 


(Communicated in the meeting of June 29, 1918). 


 $1. Some time ago it was already found‘) by one of us, that 
racemic tri-ethylenediamine-chromichloride: {Cr(Eine) Cl, +3H,O, was 
completely isomorphous with the corresponding cobalti- and rhodium- 
compounds. We prepared this salt according to a method indicated 
by Prkirrer ?), from the tröpyridyl-chromi-chloride : $Or(Pyr.),}Cl, by 
heating this product with ethylenediamine, and subsequent purification. 
Then it was separated into its optical antipodes by means of sodium- 
a-camphor-nitronate ’), and these were obtained in this way as the 
pure zodides. 

In this fission 6 grams of the racemic salt were dissolved in 
20 ccm water, and a solution of 6 grams of pure sodium-a-camphor- 
nitronate in 15 ccm water subsequently added. A pale yellowish 
preeipitate of d-trieihylenediamine-chromi-d-camphornitronate is form- 
ed; it is sucked off and to the mother liquid 2 more grams of 
sodium-a-camphornitronate are then. added, and the solution allowed to 
stand for a few hours, when some more of the preeipitate is separated. 

After filtration the mother: liquid was used for preparing the 
corresponding laevogyratory component. The precipitate, thoroughly 
washed with alcohol and ether, was ground in a mortar with an 
excess of finely pulverised sodium-iodide, some water added, and 
the dark yellow liquid sucked off from the preeipitate, which was 
well washed with alcohol and ether, dissolved in a small quantity 
of water, and again preeipitated by an excess of sodium-iodide. 

The mother‘ liquid formerly mentioned, containing the camphor- 
nitronate of the laevogyrate salt, was precipitated by addition of 
5 grams sodium-iodide. The precipitate formed appeared, after 
‚being thoroughly washed, to be the racemic iodide. The remaining 


1) F. M. JAEGER, Proceed. R. Acad., Amsterdam. 20. 247. (1917). 
2) P. PFEIFFER, Zeits. f. anorg. Chemie, 24. 282, 286. (1900). 
>) A. WERNER, Ber. d. deutsch Chem. Ges. 45. 865. (1912). 

15 


Proceedings Royal Acad. Amsterdam Vol. XXI. 


226 


mother liquid, however, was now treated in an analogous way with 
8 grams of sodium-iodide; the preeipitate appeared to be this 
time the laevogyrate triethylenediamine-chromi-iodide. It is difficult to 
obtain these iodides in well measurable erystals, and they are moreover 


ordinarily very small. 


$ 2. The rotation-dispersion of these salts was determined in the 
usual way, already frequently indicated. As the orange coloured 
liquids already manifested a very appreciable absorption of the trans- 
mitted light in layers of 20 c.m. thiekness, the measurements for 
the limiting wave-lengths had to be made with very dilute solutions, 
These measurements agreed very well with those made in the case 
of more concentrated solutions, so that for all solutions we have 
given the mean values of the molecular rotations obtained. In the 
case of the dextrogyratory component solutions were used, containing 
1,0133 grams (A), 0,5070 grams (B), 0,2535 grams (C), and 
0,0325 grams (D) of the anhydrons salt respectively in 100 grams 
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ROTATION-DISPERSION OF THE ÖOPTICALLY-ACTIVE TRI-ETHYLENEDIAMINE- 


CHROMI-IODIDES. 


Ten Observed Rotation: uEmRowiion: 
in A. U.: (positive and negative) 
2200 10.30 (D) 282630 
4320 0.29 id, 27321 
4420 0.27,0.35 (D, K) 25385 
4480 0.26; 0.34 id. 24552 
4570 0.25; 0.33 id. 23619 
4640 0.23; 0.31 id, 22053 
4720 0.22; 0.29 id, 20858 
4790 0.20; 0.28; 0.27 (D, IK) 18652 
4860 0.18; 0.26; 0.24 id, 17610 
4920 0.16; 0.23; 0.21 id. 15128 
5020 0.14; 0.40; 0.21 (D, H,n 13267 
5100 0.97; 0.36; 0.18 (,H,D 11714 
5180 0.88; 0.32; 0.16 id, 10579 
5260 1.60; 0.79; 1.07 (B, C, G) 9647 
5340 1.43; 0.71; 0.95 id, 8578 
5430 11.27; 0.64; 0.84 id 1634 
5520 1.12; 0.57, 1.46;0 72 (B,C,F,G) 6692 
5610 0.96; 0.48; 1.22; 0.62 id. 5741 
5700 1.63; 0.81; 0.41; 2.18 (A, B,C,E; F,G) 4891 
5800 1.33; 0.67,0.33; 1.85 id. 4093 
5910 1.15; 0.56; 0.28;1.5 ia. 3422 
6020 0.96; 0.47, 0.24; 1.30 id. \ g 357% 2912 
6140 0.86; 0.43; 0.22;1.16 id. | = „52 2621 
6260 0.77; 0.38; 0.19; 1.04 id. Ei n 2328 
6380 | 0.70; 0.35; 0.18; 0.94 id. 9528 2133 
6520 0.65; 0.32; 0.16; 0.88 id. anE 1951 
6660 0.61; 0.30; 0.15; 0.82 id. Dee 1820 


15* 
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of the liquid; in the case of the laevogyrate antipode the six different 
solutions employed contained 1,3512 grams (Z), half or a quarter of 
this (7, @) in 100 grams of the liquid, and 0,0927 grams (HM), 
0,0464 grams (/), and 0,0232 grams (K) respectively of the 
anhydrous salt in 100 grams of the liquid. 

The dispersion-eurve for the molecular rotation, shewn by mea- 
surements is plotted in the diagram (fig. 1). It has much analogy 
with that of the corresponding cobalti-salts, but only a slight analogy 
with that of the Zriethylenediamine-rhodium-eompounds. 

Probably the magnitude of the rotation for corresponding wave- 
lengths in the case of these analogously built complex ions greatly 
depends on the magnitude of the atomıe vohıme of the central 
metallie atom, in such a way that the rotation appears higher, if 
the atomie volume of the metal is smaller. As for instance: 


ATOMIC VOLUME 
COMPLEX SALT: MOLECULAR ROTATION OBSERVED: OF THE 
METAL: 
See 2 Es = <: = | 
Co (Eine); ! I3+H,0. | Msgoo = 1230°; Mz5100 = 21580°; Megsoo — 2114? * 6.76 
ICr (Eine)z \ lz + H50. Mzgo0 = 4093°; M3100 = 11714°; Mesoo — 1880° 1.22 
{Rho (Eine), } I3,+Hg0.‘) Msgoo = 3125°; Mzı00 = 3965 ; Mesoo = 2243? 8.50 


The values for A= 6600 A.U., are mentioned at the same time 
for the purpose of demonstrating that this antiparallelism of 
rotations and atomie volume is surely.not true for all wave-lengths: 
for rays of great wave-length, as e.g. in the visible red part of the 
spectrum, — the rotation of the ZAho-salt surpasses even that of 
both the oiher salts; only in the domain of appreciable dispersion, 
is the said regularity met with. 

As regards the absorption, we were able to state the following. 
In a layer of tbe solution of 20 c.m., a liquid containing. 
1,1212°/, of the salt, allows the passage of all red and yellow rays up to those 05380 A.U. 
VON ee Me 
OEBOB U Se N a Is I re a EHE 


0, l 402 fo ” » ” ”» ” ” »» ” ” ” ” ” ” ” 4850 A. U. 
0, 070 1 lo ” ” ” » ” ”» nn ”» » ” ” » ” ” 3940 A. U. 


$ 3. Numerous attempts were made to win these chromi-salts in 
well measurable erystals, and to investigate the validity of Pastkur’s Jaw 
also in this case. But a heavy impediment in reaching this aim was 
created not only by the faeility with ‚which those salts decompose 
in solution, especially under the influence of the light, — but also 
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by the great solubility of these salts, indueing us always to work 
with only small volumes of eoncentrated solutions, from which e00d 
erystals are ordinarily deposited with diffieulty. For the same Kam 
the transformation of the iodide into the chloride or bromide Bode 
not be of any use, so that these for our purpose so very important 
salts, could not be made use of in this case. : a 


Rackmic TRIETHYLENEDIAMINE-CHROMI-IODIDE. 


[Cr (Eine) } 1, + 1H,0. 


On slow erystallisation this compound presents itself in the form 
of very small, orange, apparently octahedral crystals. Crystallisation 
must occur in the dark, because this salt, in ihe same way as all 
the triaethylenediamine-chromi-salts, becomes violet under the influence 
of the light. Also increase of temperature must be avoided, because 
the solutions change from an orange colour to a dark reddish 
violet by the transformation into salts of the violet aguo-type. The 
erystals measured were not larger than a pinhead, and often they 
were disfigured and distorted in rather a strange way. Some of 
them showed under the mieroscope the appearance of fig. 2a, without 


Fig. 2. Racemic Triethylenediamine-Chromi-Iodide. (+ H30\. 
it being possible however to determine the Mırnzrian indices of 
their facets with complete certainty; the crystals pietured in fig. 25 
and 2c manifested however some measurable forms. 


Rhombie-bipyramidal. 
a:b:c— 0,8632 :1 : 0,8652. 


The cerystals are pseudo-tetragonal, and perfectly isomorphous 
with the corresponding erystals of the cobalti- '), and of the rhodıum-°) 
compound, just as we were able to prove this before in the case of 
the trigonal chloride of this series’). The colour of the cerystals was 
orange or red; by partial loss of water of erystallisation, they 
sometimes get locally yellow arid opaque. 

1) F, M. JaEGER, Proceed. R. Acad. Amsterdam, 18. 62. (1915). 


») F. M. JAEGER, Proceed. R. Acad. Amsterdam, 20. 250. (1917). 
s) F. M. JakGER, Proceed. R. Acad. Amsterdam, ibid. 247. (1917). 
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The forms observed are: o—={111}, great and very lustrous; 
c— {001}, small, but well developed and yielding good reflections; 
m — {110}, broad, but commonly with curved and rudimentary facets, 
and thus practically not well measurable. Probably also a form 
q= {021} occurs, and in the case of the erystals of fig. 2a doubtless 


a— 100}, as a broad pinacoidal face, and r=thok}. 
Angular values: Observed: Caleulated : 
A BERGEN — ”52° 56’ — 
0:0—= (111): (111) = 62 49 .— 
0:o— (111): A111) = 74 10 72° 8 
0:0o—= (111): 111) = 74.27 74 19 


No distinet eleavability was found. 
There cannot be the least doubt about the complete isomorphism 
with the corresponding Co- and Rho-salt: 


Or-salt...... a:b:c= 0,8632 :1 : 0,8652. 
Co-salt..... a:b:c= 0,8700 :1: 0,8699. 
Rho-salt....a:b:c— 0,8541 :1 : 0,8632. 

Up till now we have had no opportunity to prove this iso- 
morphism also in the case of the optical antipodes, because no 
suitable crystals could be obtained. There can be however no doubt, 
that the said relation also exists in this case. 

Laboratory for Physical and Inorganic 


Chemistry of the University. 
(rroningen, June 1918. 


Anatomy. — “The Involution of the Placenta in the Mouse after 
the Death of the Embryo”. By Dr. A. B. DroosLukvur 
Forrturyn. (Communicated by Prof. J. Boskk). 


(Gommunicated in the meeting of June 29, 1918). 


In various species of mammals which are pregnant with several 
embryos at the same time it accidentally oceurs that one or more 
embryos die before birth. The subsequent fate of the placenta has 
been controlled in only a few cases and it appears to be intimately 
connected with the structure of the placenta. Now this structure in 
the mouse considerably deviates from that in many other mammals. 
So it seemed to be worth while to investigate in this animal too, 
as has not yet been done, the involution of the placenta after 
interruption of the pregnancy. For this purpose the uteri of 8 mice 
were at my disposal containing together besides many normal egg- 
chambers 20 egg-chambers without an embryo. Judging from the, 
degree of development of the normal egg-chambers one of the 8. 
mice had been killed on the 13th day of the pregnancy, one on the 
15'%, four on the 16!b, one on the 17th and one on the 18 day. 

The 20 empty egg-chambers are more fully described in a paper that 
I offered to the “Tijdschrift der Nederlandsche Dierkundige Vereeni- 
ging”. Here I shall only communicate the results in a general way. 

Never was any other trace of the embryo left than some free 
cells which could not be duly recognised. Many portions of the 
foetal membranes survived the embryo, but tbey did not all do so 
during the same time. So among the empty egg-chambers some 
groups could be recognised with more or less remainders of the 
foetal membranes. 

In the first group the giant-cells (in the mouse trophoblastie cells 
which are greatly enlarged and have become independent) and the 
membrane of ReıcHert were left and moreover parts of the ecto- 
placental cone and of the proximal or distal entoderm of the yolk-sac 
or of: both. The proximal entoderm of the yolk-sae could be 
well recognised by the appearance of the cells, but it had 
always been broken into pieces. The distal entoderm of the 
yolk-sac sometimes lined large pieces of the membrane of REICHERT 
internally ; besides free cells of it occurred. The ectoplacental cone 
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‚never inelosed embryonie blood-vessels, but sometimes some con- 
nective tissue of the allantois entering the eetoplacental cone together 
with the large blood-vessels. Always the cells or the synceytium of 
the eetoplacental cone could be recognised. In some cases they 
changed into young giant-cells, which in normal eircumstances too 
can originate from cells of the ectoplacental cone. Often spaces filled 
with maternal blood lay between the cells of the ectoplacental cone, 
as is the case in normal egg-chambers. ReıcHErrT’s membrane could 
easily be recognised as the homogeneous membrane that develops 
beneath the trophoblastic epithelium when it changes into free 
giant-cells. After the disappearance of the embryo the eontraction 
of the uterine wall had pressed the greater part of the ectoplacental 
‘cone into the space previously occupied by the embryo. Moreover 
this contraction bad folded ReicHkrT’s membrane. Sometimes this 
membrane had much diminished in size, but it always showed the 
aperture through which the cells of the ectoplacental cone previously 
cohered with the allantois. 

Generally the giant-cells very elearly showed their power to ingest 
erythrocytes and other portions of the maternal decidual tissue, but 
they had hardly changed in this group. This was not so in the 
second group of empty egg-chambers where, as to the foetal elements, 
only the distal entoderm of the yolk-sac, the membrane of Reichert 
and the giant-cells were left. There several of the latter cells had 
grown out till they reached dimensions that were extraordinary 
even for giant-cells. In normal egg-chambers it is the task of the 
giant-cells to attack the decidual tissue and the maternal blood and 
to leave part of the ingested food to the embryo. As soon as they 
have been loosened from the trophoblastie epithelium or the ecto- 
placental cone they lead an independent life. After the death of 
the embryo the only change is the fact that of eourse the giant- 
cells can provide no longer any food to the embryo. They keep 
all to themselves and consequently thrive extraordinarily. In all 
directions they acquire the same dimensions, as the pressure of the 
embryo which in normal egg-chambers flattens them much, has 
been suspended. Therefore the space occupied by the giant-cells is 
much larger than in normal egg-chambers. Their number only seems 
to me to be larger,. because they are not dying away so soon asin 
normal egg-chambers, not because more of them would have devel- 


oped. Yet here too the fate of the giant-cells is to die away. This | 


is more conspicuous in another group of empty egg-chambers where 
giant-cells are the only foetal element that is left. Especially here 
one sees the body of the giant-cell losing its affınity for the dyes 
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and dissolving, leaving the naked nucleus behind. Afterwards the 
nucleus submits to the same fate. 

The giant-cells have not been able to consume the whole layer 
of decidual tissue before they disappear. Yet this layer must be 
removed if the normal situation of the uterine-wall is to return. 
Therefore the giant-cells are supported -by another type of cells, 
apparently amoeboid wandering cells with phagocytal qualities. These 
cells are of a hitherto unknown kind and in normal egg-chambers 
they do not occur, not even post partum. Their shapes and sizes 
are very variable. They have a nucleus which generally lies ex- 
centrically and sometimes two or more nuclei. Their cytoplasm 
stains remarkably intenseley with  eosin dissoluble in water, 
whereas eosin dissoluble in alcohol stains them, it is true, 
but not extraordinarily. I propose to call these cells eosinophilous 
phagocytes. About their origin nothing is known to me, but Ithink 
that they are maternal cells. The eosinophilous phagocytes were 
lacking only in one of the twenty empty egg-chambers, and this one 
obviously had been preserved within a day after the death of the 
embryo. In the first place they appear in small groups between the 
group of giant-cells and the layer of unattacked decidual tissue. 
These groups enlarge into constantly thicker layers, which are 
always situated either between the decidual tissue and the giant-cells 
or between the former and the uterine cavity. The eosinophilous 
phagocytes attack only the maternal decidual tissue and not the 
giant-cells and they continue to do so after the disappearance of the 
giant-cells. So a fourth group of empty egg-chambers exists where 
one sees no foetal rests at all, but only eosinophilous phagocytes 
which remove the layer of decidual tissue, which has in the mean 
time greatly diminished in size. I could not observe the disappearance 
of the eosinophilous phagocytes. 

As is known, in egg-chambers of the mouse the uterine cavity 
disappears at the mesometrical side of the embryo to extend at the 
antimesometrical side of the embryo starting therewith from the 
portions of the uterine cavity that are lying between the egg-chambers. 
Before the parts of the new uterine cavity reach one another in 
the middle of the egg-chamber, whieh occurs on the 17! day of 
the pregnancy, a more or less thick partition of decidual tissue in 
the egg-chamber separates the parts of the new uterine cavity, 
which approach one another. Now this partition can be found in 
many empty egg-chambers, but in some it has been ruptured, 
in others it is attacked by eosinophilous phagocytes, and in still 
others it has been removed prematurely by eosinophilous phagocytes. 
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-I cannot even guess the cause of the death of the embryo, but I 


observed that the embryo may perish at different ages. At least I 
think I have met with a case where this occurred on the 8: day 
and with another where this occurred on the 16! day. He who 
disposes of younger specimina (my youngest embryos were of the 


end df the 13!" day) probably will also find eggs that have perished 
before the 8: day. Moreover it appears that in one and the same 


uterus embryos may die away at very different ages. I discovered 


in the same uterus one of the empty egg-chambers with the smallest 
and one with the greatest quantity of foetal rests, and I conclude- 


that one embryo had. been dead a much longer time than the other. 


Leiden. Anatomisch Kabinet. 
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Physies. — “The Limit of Sensitiveness in the String galvanometer.” 
By Prof. I. K. A. Werrtueım SaLoMoNson. 


(Gommunicated in the meeting of June 29, 1918). 


In EıntHoven’s stringgalvanometer the defleetional constant is 
subjected to the same law as holds good in the movable needle- 
and movable coil galvanometer: it is proportional-to the square of 
the periodie time of the movable part. In the string instruments 
the duration of the oseillations is modified by altering the tension 
of the string. The sensitiveness finally depends on this tension as 
well as on the dimension and material of the string, and lastly on 
the strength of the magnetic field. 

The tension of the string can only be altered within certain limits. 
The upper limit is given by a tensile stress exceeding the elastie 
strength. The lower limit is the total absence of tension. But even 
when no pull is exerted, the string can still vibrate transversally. 
The frequency of the vibrations it then makes, is a function of the 
dimensions of the wire and two properties of the material i.e. density 
and the elastieity-modulus, and may be represented by 


MS 
N RT RN 
in which N denotes the frequency, ! the length, d the diameter of 
the string, g being the density and # Young’s modulus, whereas 
m is the smallest root of the transcendental equation cosmcoshm=1. 
The value m —= 4.730... (Rayrteisun On sound 1. Art. 174). 

As we may discard the influence of temperature on the elasticity, 
this formula gives the lowest frequency for transverse vibrations 
obtainable in strings, which in a definite material and with given 
dimensions cannot be lessened. We may therefore say that the 
periodie time of the string in the EInTHOVEN galvanometer, and 
consequently the sensitiveness of the latter is limited by the impos- 
sibility to lessen the frequency; and as the elastieity of the material 
is responsible for transverse vibrations which might oceur in a 
perfectly relaxed wire, the trüe limit of the sensitiveness is to be 
found in the elastieity, and as we shall see also in the density and 
specific resistance of the material of the strings. 

With the formula (1) we can always caleulate the minimum of 
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the frequency of the transverse vibrations of the string, if we know 
its dimensions and the material of which it is made. In table Il a 
few numerical data are given regarding various materials which 
may be used for making strings. In this table the lengtlı is taken 
as 10 em and the diameter as,one mieron (10 centimeter). 


TABLE I. 
B seionnn g | Nisec. Ju 
CB SO, ee 11000 8.9 0.3100 382 
EEE ET 350 | 105 .2356 4.25 
Au. | 7500 19.2 .1724 5.80 
a a eg 6750 21 „4408 2.27 
PER | 16500 28.407 „2448 4.08 


It is very diffieult to measure directly the vibrations per second 
in wires of 1 mieron diameter. The air resistance in this case is 
so considerable as to cause the movement to come to a dead stop. 
We should have to examine such Strings in a perfect vacuum. 
Furthermore we are not able to make wires of 1 mieron except in 
platinum, and perhaps in aluminium and gold. Silver wires of 1 mieron 
are as yet not atlainable. But the dimensions used in this table and 
the figures in the last columns permit us to caleulate in a simple 
way, eg. with a slide rule, any periodie time when other dimen- 
sions are given: the vibration time being proportional to the square 
of the length and inversely proportional to the diameter. 

A wire clamped at the end without any tensile stress will sag 
under the influence of a load /, uniformly distributed over the 
total length. The maximum deflection A will be 


Ba: 
Be Re 


where / represents the axial moment of inertia of a section of the 
ad“ 
wire. As for a round wire I= we get » 
a Pl 
SB 
In the string galvanometer the transverse load ? is equal to Ail 
Dynes, if A be the strength of the magnetie field in Gausses, 7 
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the current strength in Webers (— 10 ampere) and / the length of 
the wire in centimeters. If we put this value for P in 3): 
Ra Al 

| a nk) 
giving the deflection of the middle of a string clamped at the ends 
without tension, and ‘of a length / and a diameter d, placed in a 
magnetic field 7, as soon as a current of i Weber passes through 
the string. We need hardly insist on the fact that this formula 
gives the absolute limit for the sensibility for small eurrents. 

The next table II shows this limit for strings made of different 
materials. For the’ dimensions of the string we again take 10 cm 
and 1 mieron, for the current-strength 10-13 Weber (10-1? ampere), 
for the field intensity 10000 Gauss. The last column gives the 
deflection in millimeters if the absolute deflection of the middle 
be magnified 1000 times. We can use the figures of this column, 
if we wish to calculate the possible defleetion with strings of other 
dimensions in a field of a different strength, and when observed 
magnified to another scale. The deflections are proportional to the 
fourth power of the length and the inverse of the diameter of the 
string. 


TABLE Il. 
Bu - Hi De- \V= 100X,d= 1m ! 
98100000 6rE flection ) 7 = 10 cm, i= 10-13 WeBer | 
a: | 11000 I 4916.10-0 | 49.16 mm 
Ag 7500 7210.100 793. 10,6% 
Au. | 7500 7210.10-0% | a0, 
Al 6750 8012. 10-20 80.12 „ 
Pt 16500 3277.10—20 ol 


The figures in the last column may also serve to caleulate figures 
for existing strings. With an aluminium string of 2 mierons and 
56 millimeters’ length in a field of about 16000 Gauss, I found a 
detleetion of 0.40 millimeters for 10-1? ampere, which took place 
in about 20 seconds. From the figure in the table we calculate that 
ihe deflection ought to be 1.20 millimetres. In Eınrnovun’s publica- 
tions on silvered ‘quartz fibres we equally find figures about the 
possible sensibility, the order of which does not disagree greatly 
with the theoretically possible deflection if we take for the sensitive- 
ness with silvered quartz fibres the same value as in the case of silver 
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wires. The same may be said about my own observations with 
quartz fibres. Generally the deflection actually observed is some 
93_5 times smaller than we ought to expect from the theory. The 
explanation is found when we consider the behaviour of silver strings 
of 16.5 mierons and of copper strings of 15 microns diameter. These 
wires still give vibrations when the tension is reduced as far as 
possible, but in’ every case the frequency is about 1.5 to 2.1 
times greater than that caleulated from formula (1). With a silver 
string of 16.5 u and 53 mm length I could not reduce the frequency 
under 20 per second instead of 14 as calculated. When magnified 
47 times 1 microampere caused a deflection of 1.31 millimeter; the 
string being placed in a field of 14000 Gauss. The theoretical value 
is 3.7 millimetres with 14 vibrations, wbich would come to about 
1.8 millimeters with 20 vibrations. As tbere may be a slight differ- 
ence between the figure taken for the diameter and the actual 
diameter, the agreement may be considered not unsatisfactory, the 
more so as the value of X must also be considered as merely an 
approximate one. Finally we must state that the string was not an 
entirely straight one, and that in being mounted it had probably 
retained a slight torsional stress. 

In a few other observations of the same kind with wires of 
‚different material I found a deflection of 8.1 mm where 9.1 mm 
was expected; also one of 36 mm, where 40 had been calculated. 
Generally speaking, the agreement was by far the best with the 
thicker wires. Yet in all cases the agreement was close enough to 
allow an extension of the theory to the sensitiveness for small 
potential differences. 

From the formula (4) we find an expression for the sensibility 
for small potential differences by dividing both parts by w, the 
resistance :of the string: 

h Bf) 
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This formula gives the deflection in centimeters of the middle 
part of the string when a potential difference of 10 Volts is applied 
to the terminals. But with this formula we have not taken count 
of the damping. The movement of the string in the EınTHovEn 
galvanometer is damped partly by air frietion, partly by electro- 
magnetically generated counter-electromotive force. In the following 
cases we shall consider only the elecetromagnetie damping, which 
with thiek wires greatly exceeds the air resistance. As the electro- 
magnetic damping is caused by the number of the lines of force 


Anal 


239 


cut by the string during its movement, the form taken by the string 
in its deflected condition is of the greatest significance as well as 
the strength of the magnetic field. A string under tension defleeted 
in,a homogeneous magnetic field takes the form of a parabola. In 
that case the damping factor is 


a en (6) 


the factor 3 would take another value. This factor represents the 
mean deflection taken over the whole string as compared with tbe 
maximum deflection. A perfecily relaxed string, elamped at the ends 


and uniformly loaded takes the form given by ihe formula 


PAS far Ben 
alt). ee a) 
in which y gives the deflection for a point at distance x from the 
end. If we put © = %/ we get the deflection for the middle of the 
string, which has already been given in formula (2). In order to 
ind the mean deflection we integrate (7) over the whole: length: 
l 


EORE IT, 1 
Lee . . . . . ° . (8) 
0 


Comparing (2) and (8) we find 
l 


8 
y [days = 15 


0 
so that we may state 
Be 
— 75 0.10% 
Taking M as the mass of the string, we can always represent 
the time of vibration as 


1 BE 
= Eee er IHN 


if K be a lateral force and if we suppose the damping to.be very 
slight. If the string should make eritically damped vibrations, the 
damping would be 


(9) 
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Eliminating K from (10) and (11) we get, in connection with (9) 
Buy rin 
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In (1%) we substitute for the mass M — d”lg and for the resistance 


a 
w = —-, giving: 
nd’ 

MH? =75 2100. go NN ee 
which shows a simple relation between the allowable and 
necessary strength of the magnetic field, the frequency and the 
density and resistivity of the material. If we were at liberty to 
choose any figure for N, the length and the thickness of the string 
would seem to be of no consequence. But we started from the. 
premise that the frequeney should be as small as possible with a 
string of predetermined length and thickness, and elastieity. Hence we 
must put the value for N taken 'from (1) in (13) giving 


d IE j 
n=1s10|  SrGEe . Br: 


Now we can substitute this value for 7 in (5) and by likewise 


I he 
substituting un we arrive at a formula for the sensibility for 
N 


‚potential differences: 
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This expression for A/uww gives the extreme limit for the sensibility 
of a completely relaxed string in a magnetic field of a strength 
exactly caleulated to render the movements of the short-eireuited 
string ceritically damped. The volt-sensibility increases by /? and - 
decreases by dyd. It also depends on the density, resistivity, and 
elastieity of the material. In table Ill we find the constants for 
different materials and in the fourtı column the comparative 
“material-factor”” for each material. These have been multiplied by 
10° so as to indicate deflections per mierovolt with strings of 1 u 


TABLE Ill. 
E.ggrooggg| 9.100 re 
g& -98100000 | 910° | 6040. go” 10 /sec 
Cu 8.9 11000 1.62 "ER 325 0.3100 
Ag | 10.5 7500 1.75 1034 320 0.2356 
Auıı 19,20 000821500 2,20 1073 4117 | 0.1724 
Al 21 6750 2.81 622 284 0.4408 
260 21.4 16500 9,40 295 1078 0.2448 


eat 


241 


diameter and 10 c.m. length with a mieroscopie magnifieation of 
1000 times. The next column shows the strength of the field 7 in 
Gauss, and the last column contains once more the frequencies. 

Gold fibres, if eritically damped, will give a larger deflection than 
strings of any other material, but of the same dimensions. The time 
of vibration, and consequently the time of defleetion is larger than 
with other strings. Hence we cannot easily compare the results. 
This table is only useful if we wish to caleulate the possible 
deflection with strings of other dimensions. In order to get compar- 
able figures we shall have to consider strings of the same diameter, 
which have the same vibration time. A formula for this case can 
be given by caleulating 

Be alien 
1 vd VEo’g 

This formula represents the deflection caused by 10 Volts through 
a. string of a diameter d, completely relaxed, and vibrating once a 
second, whilst placed. in a magnetic field of a strength, sufficient to 
cause the movement of the string to be entirely damped. In this 
case the length is predetermined for any material by the condition 
that the frequency is one per second. 

In table IV we give a few figures which can be calculated. by 
this last formula. 


(16) 


TABLE IV. | 
5400 | H | ] | \ Deflection per uV. withd=1u. 
V Eo’g % and V = 1000 X 
Be 5 | 1 241 mm 
Ag 2 | 68 | ABS | 1080 | 245 „ 
re oA | 1 188 „ 
Al 2151 46 | 6.63 | 2430 216 „ 
Pt 726 2190 4.95 | 5940 a 


From this table we see that aluminium is the best material for 
strings in an Eınruoven galvanometer if used for the measuring 
of small potential differences. 'A string of 1 u, completely relaxed 
and 6.65 em in length, gives vibrations of one second. With it we 
can get a deflection of 276 mm for 1 mierovolt, if the field be 
adjusted at 997 Gausses; and the mieroscopie Ren 
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to 1000 times. If the string were placed in a perfect vacuum the 
movement would be eritically damped. Silver follows with 245 mm 
defleetion if the length be 4.85 em. Copper requires a longer string 
viz. of 5.56 em and gives about the same deflection. Practically we 
shall have to make our choice between aluminium, silver, or copper, 
whenever we want a high sensitiveness for small potential differences 
with a eritically damped movement. From the formula we conclude 
that with a given material the thinner the string the higher will be 
the sensibility for small potential differences. 

Finally we shall have to consider one other possibility for ren- 
dering the voltsensibility as high as possible. 

We take again the case of a perfectly relaxed string, clamped at 
the ends. If the weight /? be uniformly distributed over the entire 
length /, we must use the formula (1). But if the string is loaded 
in the middle only with the weight , the deflection will be exactly 
twice as large: 

hy 
EI 192 

lf we put the string, of a length / in a stronger magnetic field 
H’ but of a very short length 2 so as to make Hl/—= H’A, and if 
we suppose A to be very small as compared with /, we shall come 
very near the conditions represented by the last formula (17). Especially 
if we use strings of not too small a diameter there will be scarcely 
any diffieulty of making the magnetic field 10— 20 times stronger 
and the string 10—20 times longer than the field. In this case we 
practically double the deflection, but at the same time the damping 
will have become too great. Tbe damping factor will have become 
nearly 1.0 instead of 8/15. Hence the magnetic field must be made 
v2 times weaker. Finally the sensibility for small potential differences 
will become only V2 times greater. 
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Anatomy. — “The egg-cleavage of Volvox globator and its relation 
to the movement of the adult form and to the cleavage types 
of Metazoa.’ By Dr. H. C. Densman. (Communicated by Prof. 
J. Boxke). = 


(Communicated in the meeting of June 29, 1918). 


For the zoologist still more than for the botanist Volvox is an 
interesting object. Already in this organism, where it is still dubious 
wbether we have to consider it as a plant or as an animal, we see 
indicated the main lines along which the phylogenetic development 
of the Metazoa has taken its course. Bürschr') rightly observes 
that Volvow is no longer to be considered as a colony of Protozoa, 
but as a pluricellular organism of simple structure. Not only do the 
cells communicate with each other by plasmodesms, forming thus 
one single mass of protoplasm, but also there is a difference between 
mortal somatie and potentially immortal propagation cells as is 
characteristice of Metaphyta and Metazoa. Between these two Volvox 
holds an intermediate position, reminding one more of the former 


by the possession of chlorophyli but pointing more in the direction 


of the animal kingdom by the rest of its organisation. 

Long ago the first stage of development in Metazoa, the blastula, 
has been compared to Volvox and was termed by Huxuer?) eg. 
“the animal Volvox”. The resemblance afterwards appeared to be 
still greater than Huxtey could have suspected, for Volvox is by no 
means a homaxone sphere rotating indiscriminately in all directions, 
but shows a distinet opposition between an animal and a vegetative 


_ pole. The line joining them can be described as the main axis of 


the organism, which is not strietly globular, but a little elongated in 
the direction of the main axis. With the animal pole directed forwards 
it swims with a rotary movement round the main axis just as is 
the case with the pelagie larvae of lower Metazoa and also still of 
Amphiozus. At the animal pole the cells are smaller and further 
from each other and contain also less chlorophyll than those at the 
vegetative pole wlich are darker green, by reason of the higher 


1) O Bürscuui, 1883— 1897, Protozoa Il, p. 775, in Bronn’s Klassen und Ord- 


nungen des Thierreichs. 
2) T. H. Huxıer, 1877. The Anatomy of Invertebrated Animals, p. 123, 678. 
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proportion of chlorophyli, and communicate by more numerous and 
broader plasmodesms. The cells at the animal pole each contain & 
red stigma as characteristic of flagellates sensible to light (to which 
also the Volvocinea belong), whilst those at the vegetative pole are 
lacking them. The two kinds of cells pass quite gradually into each 
other. The propagation cells are restrieted to the vegetative half. 
Any one having an opportunity to study Volvox can easily verify all this. 

The propagation oceurs either by means of egg-cells and sperma- 
tozoa, or parthenogenetically by so-called parthenogonidia. The latter 
mode occurs, just as in Rotatoria and Infusoria, during a number 
of generations, the former mode at the close of such a period, the 
encysted egg being the result. The cleavage stages of the egg and 
of the parthenogonidia in which development proceeds in a similar 
manner, exhibit again a striking resemblance to those of Metazoan 
eggs. The figures given of these stages for Volvor, Pleodorina, 
Eudorina, Pandorina, and Gonium, remind one especially of stages 
of the spiral’ cleavage type, which probably we may designate as 
the original cleavage type of the Zygoneura or Protostomia, and 
which is still found with Polyclads, Nemertines, Polychaetous Anne- 
lids and most Molluses. It therefore seemed to me very interesting 
to find out how far the cleavage of Volvox corresponds to the spiral 
type. The statements made by former investigators appear to be 
insufficient and too contradictory to answer this question in a satis- 
factory way '). ö 


Fig. 1. Volvow globator, partlienogonidium, four-celled 
stage, seen from the vegetative side. 


When, therefore, the opportunity presented itself to study more 
closely the cleavage of the parthenogonidia in Volvox, which appeared 


I) Statements on the cleavage of Volvox are found in: 

Bi GOROSHANKIN, 1875, Genesis im Typus der palmellenartigen Algen. Versuch 
einer vergleichenden Morphologie der Volvocineae. Mitt. Kaiser). Ges. naturf. 
Freunde in Moskau, Bd. 16 (Russian, an extract is found in Botan. Jahresber. f. 
1875, p. 27). 

E. Overron, 1889, Beitrag zur Kenntniss der Gattung Volvox. B } 

’ ji . Botan. 

SEN g an. Centralbl., 

L. Kreis, 1890, Vergleichende Untersuchungen über Morphologie und Biologie 
der Fortpflanzung bei der Gattung Volvox. Ber. naturf. Ges. Freiburg, Bd. 5, p. 15. 
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to oceur in considerable number in the Victoria regia-basin of the 
Leyden botanical garden, I readily seized it. The study was made 
on living material. During development the parthenogonidium, which 
continues to communicate by plasmodesms with the surrounding 
cells, considerably increases in size '), so that the older stages are 
often easier to study tban younger ones, for which the use of oil- 
ımmersion as a rule is to be preferred. 

‚By two meridional eleavages the parthenogonidium is first divided 
into four equal cells, which each will give rise to a quadrant. The 
eight-celled stage has already been figured repealediy for Volvon 
and other Volvocinea, but not the transition of the four- into the 


Fig. 2. Beginning of Fig. 3. Transition 4—8, 
the third cleavage, animal vegetative side 
side 


eight-celled stage. Figs. 1, 2, and 3 teach us that during tlıis eleavage 
a torsion amounting to 45° occurs between what we may call for 
the sake of shortness the four vegetative cells and the four animal 


cells. In the terminology of the spiral cleavage type we should call 


this torsion a dexiotropie one since, if we look at the egg from the 
side of the animal pole, the four animal cells appear to lie to the 
right of the four lower cells. . 

It seemed to me interesting to make out if this third eleavagı 
always takes place in the same way or if, as could equally be 
imagined, it is sometimes dexiotropie and sometimes laeotropie. I: 
the eleavage of Balanus, which shows a similar torsion, I found e.g. 
both possibilities oeeurring indiscriminately ?). In the spiraleleavag« 


type the third eleavage is always dexiotropie with the exception o! 


inversely wound Gasteropoda where the whole cleavage proceeds iı 
an inverse manner. So not only the adult form but equally the 
earliest cleavage stages present the reflected image of what we find 
in dextral Gasteropods. 


1) All the figures in this article have been drawn the same size. 
2) H. C. Dersman, 1917. Die Embryonalentwicklung von Balanus balanoides Linn 


Tijdschr. Nederl. Dierk. Ver. (2), DI. 15. 
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I found that in Volvor the third cleavage always proceeds in 
a dexiotropie manner, and the suggestion lies at hand that here too 
some pecnliarity of the adult form might stand in a certain relation 
to this phenomenon. What, for example, is the direction in which 
Volvox votates round the main axis, is this always the same or at 
one time dexiotropie and at anotber laeotropic? As has been already 
observed by earlier investigators and as I can confirm here once 
more, the rotation always occurs in this way that, seeing it from 
the animal pole, we may designate it as clockwise, i.e. in the 
direction of the hands of a clock or dexiotropie. It lies at hand to 
suggest a relation between these phenomena, as. has been stated 
equally in Gasteropods. That in the latter there can be no question 
of a direct causal relation between the torsion of the adult animal 
and that of the cleavage cells will be evident at once if we bear 
in mind that the spiral cleavage type occurs equally well in forms 
that are not wound atall, as Lamellibranchiata, Chitons, Polychaetous 
Annelids ete. We will revert to the question whether possibly in 
Volvoe we might think of a more direct relation between the torsion 
during cleavage and the direction of the rotation during movement. 

In the eight-celled stage (fig. 4, 5) which has been figured already 


Fig 4. Stage 8, Fig. 5. Stage 8, 
animal side. vegetative side. 


more than once, the four vegetative cells alternate with the four 
animal cells. They constitute together a little cell-plate representing 
phylogenetically the Gonium-stage, but which at the border already 
begins to curve in. This eurving in accentuates itself during the 
transition into the 16-celled stage and in Volvox evidently manifests 
itself somewhat earlier than in Pleodorina, Eudorina, and Pandorina 
where also in the stage 16 the cells are still lying in a Eon 
little plate, while in Volvox it has then already passed into a hollow 
globule with an opening, the “phialoporus”. The eggs always have 


he vegetative side, with the phialopore, directed to he surface of 
the maternal organism. 
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The Passage of the eight- into the sixteen-celled stage, which in 
the spiral type is always performed by a laeotropie cleavage, is 


characterised in Volvox by a progressive torsion of the cells of the 


vegetative side with regard to those of the animal side and this in 


Fig. 6. Beginning of the 
fourth cleavage, vegetative Fig. 7. Transition 8—16, 
side. animal side. 


the same direction in which it has already manifested itself in the 
foregoing cleavage, which is what we may call dexiotropie. This 
expresses itself in the shape of the cells immediately when the fourth 
cleavage sets in, as fig. 6 teaches us. The torsion here has already 
become a little greater than 45° as becomes evident if we compare 
the situation of the inferior parts of the vegetative cells (a,—d,) 
with regard to the cross of the cleavage furrows at the animal pole. 

The fourth eleavage (fig. 7, 8), therefore, under the influence’ of 


Fig. 8. Transition 8—16, Fig. 9. Stage 16, 
 vegetative side. animal side. 


the above torsion, must be described as dexiotropie. For this reason, 
and in regard to the further eleavage, I think it inadvisable to 
apply here the nomenclature proposed by Conkuin for the spiral 
type, but will modify this a little. I call the cells of the four quadrants 
resp. a, db, c, and d, and to their descendants I give each time the 
exponent 1 to the cell that lies to the animal side, and the exponent 
2 to that Iying to the vegetative side. Thus all the cells with the 
letter a are descendants of the cell a of the four-celled stage, forming 
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together one quadrant which, moreover, I have surrounded with a 
thick line in the figures. Now fig. 9 answers wholly to the image 
presented by a 16-celled stage of the spiral cleavage type, however, 
one would expect the cells a'', a’, 6?! and 5’ to represent together 
one quadrant. This hasbeen shown not to be the case, and if one takes 
a view of figs. 8 and 9, the dexiotropie torsion that has occurred 
during the cleavage, at once strikes the eye. Between a’' and a”” 
{his torsion now amounts to between 45° and 90°. The phialopore 
is surrounded by the cells a”’—d”* and a'’—d'*, the former consti- 
tuting the four longer, the latter the four shorter sides of the octangular 
phialoporie border. Sometimes one of the cells a’—d*' also veaches 
the border, the latter then being formed by nine cells. 

The fifth eleavage, leading to the 32-celled stage, is again laeotropic, 
as is shown as well by a view from the animal (fig. 10) as from 
the vegetative side (fig. 11). Thus the dexiotropie torsion is again 


(b'A) (b2!2) 


Fig. 10. Transition 16—-32, Fig. 11. Transition 16—32, 
animal side. vegetative side. 


continued here, and as fig. 11 and especially fig. 13 shows, this 
torsion of the vegetative extremity of each quadrant with regard to 
the animal extremity (the cell a''') now amounts to nearly 90°. 
While tbe cell a?’ forces itself between a!” and a?*, as was already 
the case in the 16-celled stage, so that a?” is pushed aside a little 
(figs. 11, 13), a'* while dividing is pushed to the phialoporie border 
by a'‘, which also divides. As a eonsequence a'*”—d!?* now form 
the longer, @"’—d®”* the shorter sides of the octangular phialopore. 
 Often also all eight sides are of equal length. 

The arrangement of the cells in the 32-celled stage is so regular 
(figs. 12 and 13) that no doubt one would not suspect from it the 
torsion stated here by watching the eleavages. 

The last cleavage studied by me is tlıe one that leads from the 
32-celled to the 64-celled stage (figs. 14 and.15). The direetion of 
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the divisions gradually becomes subject to more varliation, yet the 


equatorial direetion just as in former cleavages — though with a 
a h12 
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Fig. 12. Stage 32, animal Fig. 13. Stage 32 (the same 
side. egg), vegetative side. 
deviation caused by the torsion — continues to predominate. That 


the torsion still proceeds is evident from fig. 15, which shows that 
it is already more than 90°. 

At the beginning of this investigation I almost expected to find 
that Volvox divides according to the spiral cleavage type. The figures 
given by, some investigators seemed to me to point in this direction. 
No doubt this result would have been interesting with regard to the 
derivation of the different cleavage types of Metazoa and their 
mutual relation. A more direct relation between Volvox and the 
lowest forms with a spiral cleavage type would not then appear 
improbable, since, as shown above, there are other points of agreement. 
That Volvox possesses chlorophyli would be no insuperable obstacle 
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Fig. 14. Transition 32—64, Fig. 15. Transition 32—64, 


animal side. vegetative side. 


since it can hardly be donbted that animals must descend from 
organisms with chlorophyli. No production of organic from inorganie 
substance would have been possible otherwise. 
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We have seen, however, that the eleavage of Volvox may not be 
counted as belonging to the spiral type in the form in whichlit oceurs in 
Metazoa, though the arrangement of the cells is more in a spiral 
than it is with the latter. Though there are certain points in common 
| yet refrain from further speculations in this direction. 

Ip another respect, however, the results reached seem to me to 
be interesting. We have been able to state during the cleavage a 
progressive torsion of the vegetative cells with regard to the animal 
cells which becomes especially manifest from a comparison of figs. 
2, 4, 7, 9, 10, 12, and 14 and of figs. 3, 5, 6, 8, 11, 13, and15. 
So we have every reason to assume that in the adult-form also a similar 
arrangement of the cells prevails. In the spiral cleavage type the 
succeeding dexiotropie and laeotropie divisions nearly annul the effect 
of each other, so that in the blastula the cells belonging to one 
quadrant nearly occupy an area situated between two meridians 
distant 90° from each other, as is represented fig. 16a. Fig. 165 
shows the situation of the cells belonging to one quadrant in the 
case where the torsion does not surpass 90°. How great the latter 
has become in the adult Volvox cannot be made out. .Now in the same 
dexiotropie direction also the rotation occurs, as we have seen, and 
it seems to me probable that in this case we may look for a more 
direct relation between thetwo phenomena than with the torsion of 
Gasteropods. Let us assume to this end that not only the colony but: 
also each of the cells of Volvox has a certain polarity and thus-a 
main axis in the direction from the animal to the vegetative pole of 
the colony. This polarity of, the cells e.g. manifests itself in the 
corresponding direction in which all the flagella beat causing a water 
eurrent from in front backwards, which makes the organism move 


vp 
Fig. 16a. Fig. 165. 


in the direction of the animal pole. If a Volvox be pressed between 
a cover-slip and an object-slide so that it cannot move au y more, this 
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water current can easily be demonstrated by watching the little 
particles suspended in the water. If further we assume that by the 
dexiotropie torsion during the eleavage the direction of the main axis 
of the cells undergoes a dexiotropie deviation and the flagella thus 
beat in the direction of the arrows in fig. 165, then the dexiotropie 
rotation of the colony follows directly from-this assumption. That 
indeed the flagella beat in this way needs no further proof, but 
follows from the rotation itself. 

It would be interesting no doubt if a variety of Volvox globator 
rotating to the left, were discovered. It can hardly be expected 
otherwise than that. the cleavage here will equally belong to the 
inverse type. 

Have we’ accounted now for the rotating movement of Volvox 
by the torsion presenting itself during the eleavage? In a causal 
sense we have, if our suggestion is. right. But how is the torsion of 
the cleavage cells to be accounted for? Phylogeneticaliy now I 
should feel inclined to consider the torsion during the cleavage 
rather as a consequence of the rotation of the adult animal tlıan as 
its cause. The study of ontogeny ever anew teaches us that we 
must not consider the structure of the adult animal phylogenetically 
as a product of the developmental processes, but we rather must account 
for the latter by the structure of the adult animal. Thus I would 
see also in the torsion during the egg cleavage of Volvox nothing 
but a very precociously appearing character of the adult form related 
to the movement of the latter. This character, which cannot be 
demonstrated in the adult form, could be revealed only by the study 
of its development. 


